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Abstract 
 
There is a significant body of research that identifies a gap in early literacy content 
knowledge between the teaching profession and that held by the research community. 
Shulman’s (1986) PCK framework identifies pedagogical knowledge and content 
knowledge as the two main headings for teacher professional knowledge. The purpose 
of this study is to investigate the development of early literacy specialized content 
knowledge using relative teacher strengths in their pedagogical knowledge with in a 
conceptual professional development framework called Interval Learning. The study 
involved four Grade 1 teachers in the pilot phase and eight Kindergarten teachers in 
the main research participating in a mixed-methods design. Data Collection included 
teacher subject matter knowledge measured using Moats and Foorman’s (2003) 
Survey of Language Constructs Related to Literacy Acquisition, through semi-
structured small group and individual interviews, and teacher created concept maps on 
early literacy. Student data was gathered using the WRAT IV Word Reading abilities 
subtest for G1 students and the TOPA II for the GK students. Data sets were analyzed 
independently. Quantitative analyses involved descriptive statistics, and T-tests due to 
small sample sizes. Qualitative data was analyzed inductively (using pattern coding) 
and deductively using key terms from the literature. Following individual analysis, 
quantitative and qualitative data analyses were converged to triangulate findings 
across data type. Findings in the study identified that teacher early literacy specialized 
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content knowledge can be influenced through the application of the interval learning 
process. The study also informs the importance of teacher belief understood through 
reflection and student performance in teacher growth. Implications include expanding 
understandings the interplay of teacher knowledge, pedagogy, and beliefs within 
professional development models. 
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Chapter One: Enhancing Early Literacy Subject Matter Knowledge: Using 
Interval Learning Pedagogy to Develop Content Understandings 
Though early literacy acquisition in Kindergarten and Grade 1 has long been a 
primary focus in schools, there is a disconnect between the research community and 
the teaching community with the transference of research supported early literacy 
subject matter knowledge (Moats, 2014; Carlisle, Kelcey, Rowan, & Phelps, 2011). 
This disconnect between research and practice is concerning, as effective early literacy 
teaching is crucial in the development of children’s early literacy development (Snow, 
Burns, & Griffin, 2005).  
No person can reach full human stature in our society without competence in 
reading. Ten years of compulsory failure at school can be crippling enough for 
the poor reader without the continuing experience of deprivation which [s/he] 
faces in a society based on the expectation of literacy. The written word 
influences modern living more deeply every day. Print is persistently 
increasing its impact on the lives of ordinary people, and in much more 
complex ways than it influenced a literate minority in the past (Holdaway, 
1980, p. 11). 
Though Holdaway (1980) wrote those words almost four decades ago, they are no less 
true today as our knowledge society continues to develop with increasing dependence 
on the written word. To be illiterate in modern society has significant negative 
implications.  
Our modern age is commonly known as the ‘information age.’ In order to 
thrive and have opportunity for advancement within work and social environments it 
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is imperative that an individual be able to read fluently. Reduced reading ability 
restricts not only employment options open to individuals but also access to many 
social interactions (Marcus, 2006). Given the negative implications of reduced literate 
abilities for the individual there are also negative implications for society. Illiteracy in 
adults is linked to a reduction in earning ability (which results in less taxable income), 
higher likelihood of poor health, and higher rates of welfare involvement (Marcus, 
2006; Roman, 2004). In short, at no other time in human history does being literate 
play such an important role, not only for the individual but for society as well. 
Literacy may not guarantee success for individuals, but illiteracy is highly predictive 
of failure (Adams, 1990). Teachers’ specialized reading knowledge is a key factor for 
the effective instruction of reading (Brady & Moats, 1997; International Reading 
Association, 2010). The importance of teachers who provide high-quality early 
literacy instruction based on a solid understanding of early literacy subject matter 
knowledge has influence over a child’s life well into adulthood. 
Early Literacy Subject Matter Knowledge 
Shulman (1986) identifies pedagogical knowledge and subject matter 
knowledge as two sides of the teaching professional’s instructional coin. 
Conceptually, pedagogical content knowledge is the ‘how to teach’ while subject 
matter knowledge is the ‘what to teach.’ Though pedagogical knowledge (which is 
more universal than pedagogical content knowledge), or the techniques of teaching, 
may be transferable across academic subjects, subject matter knowledge is unique to 
topics of instruction and to learning. A teacher may possess cross-curricular 
pedagogical techniques such as learning centres, think-pair-shares, and mind-mapping 
3 
 
but, if a teachers has not developed early reading subject matter knowledge such as 
phonemes and morphemes, then the pedagogical content knowledge may not be 
grounded in scientifically proven methods, thereby increasing the likelihood that the 
lesson does not meet the early literacy needs of every student.   
Subject matter knowledge is a precursor to instructional planning, as 
sequentially it is good practice to understand what to teach before determining the how 
to teach. The National Early Literacy Panel (2008) review of early literacy research 
highlights the depth of subject matter knowledge that exists in the area of early 
literacy. However, this body of early literacy subject knowledge has been shown to be 
largely underdeveloped at the teacher classroom level (Binks-Cantrell, Joshi, & 
Washburn, 2012; Moats, 1994; Piasta, Connor, Fishman, & Morrison, 2009; Spear-
Swerling & Brucker, 2003). It is promising that Piasta, Connor, Fishman and Morrison 
(2009) found that when there are higher levels of subject matter knowledge held by 
teachers at the classroom levels there is a corresponding rise in the achievement of 
children. The question, therefore, becomes how to bridge the gap between research 
and teachers’ subject matter knowledge.  
Importance of Early Literacy Attainment 
Early literacy development is vital in the early years of schooling to prepare 
children to be functional in our information and knowledge society. Reading, unlike 
oral language, is not a genetically predisposed function of the brain. The process for 
early literacy acquisition begins with children’s understanding first oral language 
components and then developing knowledge of the relationship between oral language 
and written representation. This relationship between oral and written language needs 
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to be taught explicitly (National Reading Panel, 2000; Snow, Burns, & Griffin, 1998). 
This process of explicit instruction is critical to the development of students’ future 
reading ability. However, despite the pre-service training and various professional 
development opportunities that exist for in-service teachers in the area of reading 
instruction, there appears to be an under development of literacy subject matter 
knowledge by teachers of reading (Carlisle, Correnti, Phelps, & Zeng, 2009). It stands 
to reason that teachers who do not possess a professional level of early literacy content 
knowledge will not meet the needs of all children, particularly children with delays in 
reading acquisition. 
I have served in the position of principal for over two decades. During this 
time, I have had opportunity to observe and have evaluated well over 50 early years 
(K-3) teachers, all of whom have had an assignment that included early literacy 
instruction. Additionally, I have had the opportunity to observe and evaluate many 
pre-service practicum teachers. Now, as a doctoral student, I find my reflections on 
these interactions and observations to be supported in the research literature. In 
particular, I find there is a body of research that supports my observation that both pre-
service and practicing teachers have limited early literacy subject matter knowledge 
(Binks-Cantrell, Joshi, & Washburn, 2012; Moats, 1994; Piasta, Connor, Fishman, & 
Morrison, 2009; Spear-Swerling & Brucker, 2003). Logically, even if teachers have 
strong pedagogical skills, a lack of subject matter knowledge would restrict their 
ability to effectively use those skills. It is my experience that teachers without well-
developed subject matter knowledge are prone to uninformed approaches to early 
5 
 
literacy instruction such as inaccurate letter sound correspondences, developing 
insufficient phoneme awareness, and the use of multi-cue word recognition strategies.  
Teaching Early Literacy  
Given that the teaching profession is expected to ensure that all children have 
equitable opportunities to develop early literacy skills, it stands to reason that literacy 
pedagogical and subject matter knowledge would stand as a mainstay of teacher 
education. The National Reading Panel (2000) and the National Early Literacy Panel 
(2008) demonstrated that early literacy development in children is well researched 
with a vast body of knowledge. The history of reading research, which is now being 
reinforced with brain research, has mapped out a clear scope and sequence for 
instruction and development of early reading skills for most children (Molfese, 
Molfese, & Prokasky, 2016).  
Pre-service teacher preparation in the area of early literacy instruction has not 
developed the content and pedagogical knowledge needed to develop teachers’ skills 
(Moats, 2014; Greenberg, McKee, & Walsh, 2013). Despite early literacy instructional 
knowledge playing a central role in a teacher’s responsibilities, “scientifically 
grounded concepts of reading acquisition and information about language structure are 
not taught in the majority of teacher preparation institutions” (Moats, 2014, p.79-80). 
Greenberg, McKee, and Walsh (2013) note that almost 3/5ths of teacher training 
institutions failed to address the five pillars of literacy learning. “Perhaps even more 
troubling was that 78% of institutions were deemed inadequate in preparation for 
teaching struggling readers” (Moats, 2014, p.80). Without proper training in the 
subject matter knowledge, teachers are not prepared for the task of teaching children 
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to read. To the point, it is the struggling reader who is most at risk due to 
underdevelopment of teachers’ subject matter knowledge.  
Research investigating practicing teachers whose primary job is teaching 
reading early literacy subject matter knowledge also indicates an underdevelopment of 
knowledge. (Bos, Mather, Dickson, Podhajski, & Chard, 2001; Carlisle et al., 2009; 
Cunningham, Perry, Stanovich, & Stanovich, 2004; Mather, Bos, & Babur, 2001; 
Spear-Swerling & Buckner, 2003). Bos et. al. (2001) found that half of teachers had 
underdeveloped knowledge about the concepts of literacy acquisition. Teachers’ 
underdevelopment of instructional level comprehension of these basic early literacy 
concepts presents significant challenges for teachers, especially in remediation of 
struggling readers.  
The underdevelopment of knowledge in early literacy does not appear to be 
limited to pre-service or beginning teachers. Brady, Gillies, Smith, Lavallette et al. 
(2009) tested experienced teachers on their knowledge of early literacy knowledge and 
found that in comparison to beginning teachers their teaching experience had not 
improved their literacy knowledge beyond that of pre-service teachers. When 
consideration is given concerning the amount of professional development, training 
opportunities, mentoring and other activities an experienced teacher will have had 
access to over their career, it becomes apparent that existing efforts to improve teacher 
development of early literacy content knowledge and related instructional practices is 
for the most part ineffective. Moats (2014) lists from her research seven areas that 
teachers find most problematic: “(1) the distinction between speech sounds 
(phonemes) and the letters or graphemes that represent them; (2) the ability to detect 
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the identity of phonemes in words, especially if the spelling of the word does not bear 
a transparent relationship between phonemes and graphemes; (3) knowledge of 
orthographic patterns in English; (4) conceptualization of functional spelling units 
such as digraphs, blends, vowel teams, and silent-letter spelling; (5) the conventions of 
syllable division and syllable spelling; (6) the identity of phrases and clauses in 
sentences; and (7) the organization of narrative and expository texts” (p.80). The 
struggles teachers have with these seven skills are an indicator that overall strategies 
dealing with early literacy content knowledge development with teachers who are 
charged with the responsibility of working with students who are relying on them in 
order to learn early literacy skills is ineffective.  Moats (2014) heightens her concern 
to recognize the importance of early literacy content knowledge in teaching through 
emphasizing “teaching reading and related language skills to students …is a complex 
task under the best circumstances. To improve teacher quality and effectiveness, we 
must continue to argue that reading and writing instruction are content laden teaching 
disciplines” (p.88). Research consistently demonstrates that almost every student can 
become a skilled reader provided they have access to sound instruction and 
remediation if needed (Denton & Mathes, 2003; Snow et al., 1998). The report on 
early reading by the “National Research Council concluded that quality classroom 
instruction in Kindergarten and the primary grades is the single best weapon against 
reading failure” (Snow et al., 1998, p. 343) however, they also argue that poor 
classroom instruction lies at the root of many reading difficulties. In short, there is a 
vast amount of research knowledge related to how children learn to read, however, this 
8 
 
knowledge has yet to become engrained in the teaching profession at the instructional 
level (Molfese et al., 2016). 
Significance of the Study 
Given that research evidence suggests that all children benefit from explicit 
and systematic instruction in each of the five basic pillars of literacy, it is imperative 
that teachers are aware of, understand, and are able to translate this knowledge into 
their professional practice. There is an urgency to ensuring that children who struggle 
early receive the instructional interventions they require to prevent them from 
embarking on a learning trajectory that will have negative consequences well into their 
adulthood.   
Understanding the importance of early literacy development for all students is 
the first step in addressing early literacy instruction at the school level. Moving past a 
‘wait to fail’ system of literacy intervention where students with delays are identified 
in later grades is problematic, considering the low probability that intervention in later 
grades will have the desired effect. Implementation of early literacy screening will 
identify children as early as pre-kindergarten who are at risk of reading failure. 
However, identification does little good if teachers are not skilled in early literacy 
content and pedagogical knowledge. Teacher professional development systems are 
designed to foster within teachers’ professional skill set the early literacy instructional 
skills each child requires to ensure future opportunity. The research on early literacy 
instruction is both wide and deep. Supporting access to this information and 
transforming practice should be a primary aim in teacher growth.  
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Teachers require good early literacy subject matter knowledge to be able to 
plan lessons, identify growth, and remediate when children are not making progress. It 
is the subject matter knowledge that informs early literacy instructors on what 
pedagogical techniques are best suited to ensure children are making good progress. 
The significance of this study lies in looking at the development of subject matter 
knowledge through a focus on the pedagogical strategy of interval learning (IL). It is 
anticipated that through a planning process of short, frequent, focused lessons the 
teacher will develop their subject matter knowledge peripherally as they plan the 
pedagogical instructional techniques and sequences. In the planning of the lessons the 
teacher will be exposed to terminology, techniques, and growth indicators that build 
the teacher’s subject matter knowledge. If there appears to be a cause and effect 
relationship in the process this may open a new area of research and teacher 
development and help bridge the early literacy subject matter knowledge gap that 
exists between the research community and the classroom.  
Theoretical Framework  
This study is grounded primarily in Ball, Thames and Phelps (2008) 
reconceptualization of Shulman’s (1986) Pedagogical Content Knowledge (PCK) 
framework. Gough and Tunmer’s Simple View of Reading framework is key in to 
informing the content knowledge side the PCK framework and provides the early 
literacy subject matter knowledge guiding this study. The Complementary Learning 
System by McClelland, McNaughton, and O'Reilly (1995) is the framework that 
informs the student learning design components of IL. Taken all together, the three 
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theoretical positions ground this investigation of teacher learning of early literacy 
content and student early literacy learning.  
Shulman (1986) presented a framework for teacher development that included 
the notion of subject matter knowledge. He presented subject matter knowledge as 
having three parts within the profession of teaching: a) subject matter knowledge; b) 
pedagogical subject matter knowledge; and c) curricular knowledge. Put less 
succinctly the three may be described as a) a sound foundation in the body of 
knowledge in the area of study; b) a repertoire of techniques to teach others; and c) 
what supports/materials can one bring to the instruction of the topic. Ball, Thames, 
and Phelps (2008) refined the model to be represented by the two main headings of: a) 
Subject Matter Knowledge, and b) Pedagogical Content Knowledge. Under each of 
the two heading there were further division as noted in Figure 1.1. This study focuses 
on the Specialized Content Knowledge (SCK) heading within the Subject Matter 
Knowledge half of the revised framework. SCK differs from Common Content 
Knowledge (CCK) in that it is seen as the knowledge that a professional teacher would 
have on a topic that would be beyond what might be understood by people outside the 
profession. For example, a parent might understand that words have syllables, but a 
teacher would have understandings of the various types of syllables. SCK is developed 
through study of the subject within post-secondary institutions or focused professional 
development. 
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Figure 1.1 
Pedagogical Content Knowledge 
  
The simple view (SVR, Figure 1.2) of reading holds as a dominate model to 
explain early literacy acquisition since being introduced over thirty years ago by 
Gough & Tunmer (1986).  SVR holds that reading comprehension is seen as the 
product of decoding and language comprehension. The SVR has been useful in 
understanding reading difficulties in that it identifies three areas reading difficulties 
can be attributed to: 1) problems in decoding, 2) problems in language comprehension, 
3) or both. Within the SVR model phonological awareness plays a key role in the 
development of pre-literacy skills. The National Reading Panel (2000) brought 
Common 
Content
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Specialized 
Content
Knowledge 
(SCK) 
Knowledge 
of Content 
and 
Students 
(KCS) 
Knowledge 
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and 
Teaching 
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Knowledge 
of 
Curriculum 
Subject Matter Knowledge Pedagogical Content Knowledge 
Ball, Thames, & Phelps 
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together under the SVR the five pillars of literacy that attend to both decoding and 
language comprehension. The importance of teachers having a developed knowledge 
base of the concepts within SVR and the Five Pillars cannot be overstated as subject 
matter knowledge plays a vital role in the application of pedagogical knowledge and 
practice.  
Figure 1.2 
Simple View of Reading 
 
The grounding for the intervention with respects to student learning was based 
on the Complementary Learning System (CLS) of McClelland, McNaughton, and 
O'Reilly (1995). Within the CLS system there exists the short-term perceptual priming 
hypothesis (Russo, Parkin, Taylor, & Wilks, 1998) which highlights a reduction in the 
need for perceptual priming of the student. Frequent repeated lessons reduce the need 
for perceptual priming in the encoding of the experience as students retain this 
essential step over short durations. Articulated as Spaced Learning (Fields, 2005), the 
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pedagogical technique of three 10-15-minute lessons daily provides the inception of 
the Interval Learning model. Taken together, the frameworks of PCK, SVR and 
Spaced Learning (SL) provide the grounding to focus inquiry into the development of 
teacher early literacy content knowledge.  
Statement of the Problem 
Early literacy subject matter knowledge is a foundational component of a 
teacher’s abilities in the instruction of early literacy.  Subject matter knowledge 
informs the teacher of what to teach while pedagogical knowledge informs the how. 
The application of subject matter to pedagogical practice combined with student 
performance affects teacher’s beliefs regarding their abilities to improve student early 
literacy abilities (Guskey, 1986). Teachers can have understandings about early 
literacy but if they believe that those understandings are not relevant or important they 
are less likely to transform those understandings into practice. Though teachers 
typically possess relative strengths in pedagogical techniques developed through 
application across curricular experiences, subject matter knowledge remains unique to 
the subject area. Teachers develop pedagogical knowledge through application of trial-
error-refinement. Subject matter knowledge is understood through exposure to 
information and applied in the context of the classroom. Underdevelopment in early 
literacy subject matter knowledge at best reduces the effectiveness of teachers and at 
worst, restricts a teacher’s ability to meet the needs of all children in their classroom. 
Though most students will progress along average literacy development lines, it is the 
children who experience early difficulties that are most at risk due to underdeveloped 
early literacy subject matter knowledge held by teachers.  
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Current pre-service and professional development models centered on early 
literacy subject matter knowledge have been shown to be ineffective. Greenberg, 
McKee, and Walsh (2013) demonstrate that pre-service teacher training institutions 
are not prepared to teach pre-service teachers about early literacy subject matter 
knowledge. Moats (2014) furthers this observation in demonstrating that experienced 
teachers who have had access to years of professional development hold as little 
subject matter knowledge as those starting their first year of teaching. The scope of 
underdeveloped teacher early literacy subject matter knowledge would include: 
1. Teacher pre-service training institutions lack of prescribe courses or 
insufficient faculty knowledge on early literacy subject matter 
knowledge. 
2. Ineffective professional development of practicing teachers regarding 
early literacy subject matter knowledge. 
3.  Teacher self-evaluation of early literacy subject matter knowledge is 
generally inflated indicating a reduced awareness of underdevelopment 
in early literacy content knowledge. 
What is less clear in research is an alternative effective professional development of 
early literacy subject matter knowledge might look like in schools. There is limited 
research in using the relative strength teachers hold in pedagogical knowledge to form 
the base in development of early literacy subject matter knowledge. A better 
understanding in this area holds the potential of not only improving teacher subject 
matter knowledge in early literacy but across other disciplines and subjects.  
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Purpose of the Study  
The purpose of this mixed methods study is to investigate the impact of 
interval learning instructional planning and implementation coupled with research 
based resources on teacher early literacy subject matter knowledge at a suburban 
school district.  
Research Questions 
The study addresses two main questions: 
1. What is the impact on a teacher's early literacy subject matter knowledge 
when implementing interval learning pedagogical processes developed 
from research-based on-line resources? 
2. What relationship is there between teacher early literacy subject matter 
knowledge, interval learning as an instructional process, and student 
learning? 
Scope of the Study 
The scope of this study is limited to the professional development of 
Kindergarten (GK) and Grade 1 (G1) teachers’ early literacy subject matter knowledge 
growth within an interval learning approach in one school district. Interval learning in 
this study is defined as drawing from research resources, designing a ten-minute 
lesson and teaching it two to three times a day. The G1 strand was initiated as an 
exploratory implementation. The research is restricted to 15 teachers and 
approximately 250 students in 8 suburban schools. The G1 teachers experienced the 
intervention for a 10-month period while the GK teachers participated in the 
intervention for four months. Change in teacher knowledge and practice was measured 
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through a validated instrument and through teachers’ self-report and sharing of 
artifacts.  Instructional observation was not included in the scope of this study.  
Theory of Action 
This study looks to a combination of researched based resources used by 
teachers to design short, frequent early literacy lessons in a pedagogical technique 
called interval learning. It is anticipated that teacher subject matter knowledge will 
increase peripherally as teachers distill researched based examples of sound 
instruction units into 10-minute lecture style lessons delivered three times a day for 
their class. It is anticipated that as teachers access content and then use that content to 
synthesize their own lessons, the subject matter content in the original material will 
develop the teacher’s subject matter knowledge. Further, the cycle of increasing 
subject matter content with teachers will have a positive effect on pedagogical content 
knowledge and so forth in a continuous cycle of co-development.  
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Chapter Two: Literature Review 
The purpose of this mixed methods study is to investigate the impact of 
interval learning instructional planning and implementation coupled with research 
based resources on teacher early literacy subject matter knowledge at a suburban 
school district. In order to understand why interval learning is relevant, the current 
state of teacher early literacy subject matter knowledge, student early literacy 
acquisition, and neuro cognitive bases for interval learning are explored through a look 
at relevant literature. Teacher early literacy content knowledge is explored through a 
look at the research on teacher preparation, professional learning, and early literacy 
instructional practices.  
Conceptual Framework  
As described above, Shulman's (1986) Teacher’s Professional Knowledge as 
revised by Ball, Thames, & Phelps (2008) and Gough and Tunmer’s (1986) Simple 
View of Reading theories frame this inquiry. Within the conceptual framework, it is 
the Subject Matter Knowledge component that this inquiry is looking to influence in 
the realm of early literacy.  
Figure 2.1 represents the Interval Learning (IL) conceptual framework that 
unifies Balls, Thames & Phelps (2008) Teaching Professional Knowledge (TPK) 
theory and Gough and Tunmer’s theory of the (1986) Simple View of Reading (SVR) 
with an emphasis on early literacy specialized content knowledge. While the emphasis 
in IL is the development of early literacy specialized content knowledge as a 
component of PCK, the application of SVR and, in particular the decoding (word 
recognition), is instrumental as the foundation for framing what that knowledge is. 
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Within the IL conceptual framework the first step in the development of teacher 
knowledge is access to research supported resources that inform early literacy teachers 
in the development of prerequisite decoding skill.  
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Figure 2.1  
Interval Learning Conceptual Framework 
 
Going forward, details of effective early literacy instruction will be highlighted 
including not only the importance of teacher subject matter knowledge, but evidence 
documenting the lack of it and the interplay of a teacher’s early learning subject matter 
knowledge and student learning. The focus of the following review of the literature 
strengthens the rationale for interval learning as a pedagogical practice for the 
instruction of early literacy skills.  
The Importance of Teacher Content Knowledge 
The Organization for Economic Co-operation and Development (OECD) 
starting in 2000 has administered the Programme for International Student Assessment 
(PISA) to 15-year-old students every three years. This test administered to members of 
OECD measures reading, science, and math skills.  An interesting finding shows that 
student achievement varies significantly from year to year in the same school and 
grade level (OECD, 2010). This between classroom in the same school variability is 
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much more than the variability between schools. The 2009 PISA results for reading 
across all OECD countries show that the variability between schools is 36%, while the 
variability within schools is 64% (OECD 2010). The extent to which this variability in 
student achievement is related to teacher pedagogy and subject matter knowledge is of 
interest to researchers. Hill, Ball, & Schilling (2005) used Shulman’s PCK framework 
to study 429 math teachers and a possible connection between teacher subject matter 
knowledge of math concepts and the teachers’ measurement of students’ knowledge in 
the same area. Though their results were inconclusive, the study did shed further light 
on the interconnectedness between teacher subject matter knowledge and teacher 
pedagogical knowledge. Wayne and Youngs (2003) did a meta-analysis of studies 
looking at characteristics of teachers and possible links to student performance. Within 
their findings they noted that teachers' professional knowledge, such as level of degree 
and experience, are weakly related to student achievement. Understanding the great 
variability of teacher skills within schools (OECD, 2010), connectedness of subject 
matter knowledge and pedagogy (Hill, Ball, &  Schilling, 2005), and degree 
attainment and experience are insufficient indicators of student performance (Wayne 
& Youngs, 2003), perhaps a closer look at the subject matter knowledge part of the 
teaching profession is warranted.  
Research over the last twenty years has indicated that effective early grades 
literacy teachers require a high-level early literacy subject matter knowledge to be 
effective in guiding beginning readers (Moats, 2009). Moats (2009) expanded her 
development of an early literacy teacher knowledge survey instrument to measure 
teachers' early literacy subject matter knowledge with emphasis on the intricate 
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relationship between the spoken and written word; the morphology of words; and 
related grammar and orthography. Piasta, Connor, Fishman, and Morrison (2009) 
supported the use of Moats' survey reasoning a decade later that teachers' knowledge 
of early literacy subject matter knowledge in preliterate skills such as alphabetic 
principle and connections between oral language and print was essential for effective 
early reading instruction. The extent to which teacher content knowledge of early 
literacy is a variability in student achievement is related to teacher pedagogy not only 
inherently through the PCK framework but is also supported within research (e.g. Hill, 
Ball, & Schilling, 2005).  
Teacher Preparation 
 In spite of early literacy subject matter knowledge having a central role in the 
teaching of young children how to read, there is a shortfall of teacher training in the 
areas of proven grounded concepts of reading acquisition in most teacher preparation 
institutions (Greenberg, McKee, & Walsh, 2013). Greenberg, McKee, and Walsh's 
(2013) research uncovered that fewer than one-third of teacher preparation institutions 
required coursework addressing four of the five pillars of instruction identified by the 
National Reading Panel. Almost 60% of institutions addressed two or fewer of the 
pillars. Perhaps even more concerning was that over three-quarters of teacher training 
institutions were seen as inadequate in preparing teachers to support struggling 
readers. Without proper training in the early literacy subject matter and pedagogical 
knowledge, teachers cannot be prepared to teach children to read. In particular, it is the 
struggling reader who is most at risk due to teaching deficits of the teacher.  
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In addition to the lack of teacher preparedness, Binks-Cantrell, Washburn, 
Joshi, and Haugan (2012) documented through their research almost 200 early literacy 
teacher development instructors’ gaps in their early literacy subject matter knowledge. 
In comparison of faculty and preservice teacher early literacy knowledge Binks et al. 
(2012) noted that there was a relationship between the two. The lower the faculty early 
literacy subject matter knowledge the lower the corresponding preservice teacher 
score. Further, the study revealed that there were significant gaps overall with respects 
to the faculty knowledge and what one might expect the amount of knowledge to be. 
Results indicated that faculty staff who had responsibility in training teachers in early 
literacy was low. Less than a third recognized the right number of morphemes in 
simple words while less than one in five could name the five essential pillars of 
literacy identified by the National Research Council. As might be predicted, the 
researchers found that preservice teachers demonstrated lower results than faculty. The 
"Peter principle" - which states that one cannot give to others what one does not have 
oneself (Binks-Cantrell, Washburn, Joshi, & Haugan, 2012) was used to describe the 
lack of development of preservice early literacy subject matter knowledge in light of 
faculty lack of the same. Considering faculty at teacher training institution inaccurate 
knowledge in the area of teaching teachers to teach reading it is of little surprise 
Walsh, Glasser, and Dunne-Wilcox (2006) found that for the most part preservice 
teacher training programs courses are missing even the foundations of content that is 
necessary for preservice teachers to bring to their instruction of children.  
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Teacher Early Literacy Content Knowledge  
Past the preservice training and looking at the experience of the practicing 
teacher, the picture does not improve. Investigating the impact of early literacy 
professional development on early literacy educators Brady, et al. (2009) noted that on 
the pretest of teachers, senior teachers knew no more about early literacy subject 
matter knowledge than beginning teachers. These findings suggest that for the most 
part teachers do not learn about early literacy subject matter knowledge from reading 
programs, professional development, or from years of teaching experience. Moats 
(2014) summarizes the call to recognize the importance of linguistic knowledge in 
teaching emphasizing "teaching reading and related language skills to students ... is a 
complex task under the best of circumstances. To improve teacher quality and 
effectiveness, we must continue to argue that reading and writing instruction are 
content laden teaching disciplines" (p.88). An effective teacher has a solid grounding 
in orthography (the spelling system) and the greater representation of oral language in 
print. With an insufficient grounding in early literacy content knowledge, instruction is 
likely to be based in ineffective strategies that lack evidence-based practices. Though 
teachers have the potential to prevent reading failure with effective instruction 
(Denton & Mathes, 2003; Taylor, Pearson, Clark, & Walpole, 1999), they need to 
have the background and knowledge to develop the skills to do so.  
Teacher Professional Development 
There is common agreement in the importance of teachers in the creation of 
high caliber education systems (MacBeth, 2013). However, this acknowledgement is 
not always evident within the structure of professional development (PD) offered to 
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teachers (Villegas-Reimers, 2003).  In a review of PD offered for teacher Villegas-
Reimers categorizes a vast amount as knowledge updating activities. In knowledge 
updating activities teachers gather outside the context of their classrooms with groups 
of mixed ability teachers to follow presentations aimed at building awareness or 
increasing knowledge. Seldom does this process initiate permanent or substantive 
transformational changes in teacher behaviour or beliefs.  
Clark and Hollingsworth (2002) developed a model that acknowledges the 
complexity of teacher PD in effecting changes in the teacher’s self and professional 
practice. The notion of change in the teacher self as being an important aspect of 
teacher PD echoes the work of Guskey. Guskey (1986) saw change in the teacher self, 
or beliefs, as the last stage in teacher development. His observations were that teacher 
change happens when teachers alter their practice, observe student performance 
increase, and then change their beliefs. Opfer and Pedder (2011) put forth that teacher 
PD is not an isolated occurrence but rather an intricate system of various conceptual 
levels held by teachers which necessitate differing intervention levels. Teacher PD is a 
complex dynamic undertaking that includes implicit and explicit factors of teaching 
that should be planned and supported over the 20-30 years of their career. In an 
examination of PD structures in five countries Martin (2015) explains that the 
“complexity of teaching requires autonomous professionals who analyze and 
understand the contextual demands, plan behaviours intentionally, and revise them 
periodically and systematically, modifying them based on the results obtained” (p. 
330). Techer reflection and self-regulation are central qualities to this view of teacher 
development.  
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Martin’s (2105) findings in successful PD begins with the observation that 
teacher PD begins with the teacher making conscious observations about their own 
practice. Though PD that is centered on knowledge may spark observations, it is 
insufficient to ignite purposeful intentional introspection. Direct experience in the 
classroom is vital to the PD of a teacher. Techers must involve themselves in the 
analysis of their classroom, invoke change, and then purposefully reflect on 
subsequent events and bring meaning to observable changes. Martin (2015) points out 
that “short courses and workshops that are unrelated to everyday activities and tasks 
teachers do … will not result in durable professional development changes” (p. 330). 
If it is to be expected that teacher PD is constructed within contextualized 
situations within the experience of teachers day to day experiences (Wang, Kim, Lee, 
& Kim, 2015) then it is reasonable to expect that PD models for teachers are 
personalized with a teachers professional experience. Considerations for the 
personalization of PD should take into account the various demands that teachers face 
with respect to workload and be situated within the daily activities experienced by the 
teacher with an expectation that teachers primarily own their PD within the 
professional construct of teaching which implies a move from “hetero-regulation to 
self-regulation” (Martin, 2015 p. 331). To be more precise, effective PD is most 
successful when the teacher takes a leading role.  
Early Literacy Reading Instruction 
Reading, unlike oral language, is not a predisposed function of the brain, it is a 
psycholinguistic processing skill that needs to be explicitly taught (National Reading 
Panel, 2000). Early reading successes or struggles are directly related to future 
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successes or struggles (Stainthorp & Hughes, 2004). The instructional and learning 
processes involved in learning to read are well researched and documented. The 
National Reading Panel (2000) summarized the literacy instruction and learning field 
and identified five key areas of reading instruction: 1) phonemic awareness; 2) 
phonics; 3) fluency; 4) comprehension; and 5) vocabulary. The process of reading is a 
sequential path where the learner engages in the learning continuum consistently 
building upon the lesson already mastered to help develop competencies in the next 
(Duncan et al., 2007).  
There is a significant body of research which demonstrate early reading 
achievement is correlated with life-long reading and math abilities (Arnold & 
Doctoroff, 2003; Duncan et al., 2007; Entwisle, Alexander, & Olson, 2003). There is a 
cycle of early reading struggles where students who experience difficulties in reading 
tend to dislike reading and as such read less and in so doing continue the cycle 
(Arnold & Doctoroff, 2003). An unaddressed developmental delay in early literacy 
skills has a life-long influence on future education opportunities and job options 
(Entwisle et al., 2003). The gap in reading achievement is one that widens between 
typically developing readers and struggling readers throughout their school experience 
(Stanovich, 1986). Adding to the struggles of poor readers is that once a student 
reaches third grade the foundation of reading is expected to be laid and the focus of 
instruction turns to accuracy, fluency, and comprehension leaving fewer opportunities 
for the development of missed early literacy skills (Foorman, Francis, Fletcher, Mehta, 
& Schetschneider, 1998). LaBuda and Defries (1988) followed 70 children with 
reading disabilities and 75 control children for almost 30 years administering 
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psychometric test batteries which included reading performance over set intervals. 
Findings demonstrated that students who struggled reading in grade three were likely 
to struggle as adult readers. Student reading development trajectories are identifiable 
in G1. Students who are on a lower trajectory not only tend to stay there but the gap 
between struggling readers and typically developing readers widens every year. Once 
a child is in G4 it is unlikely that a struggling student will ever catch up to their 
typically developing cohorts (Stanovich, 1986).  
Following that children's current skills in literacy are the best predictors of 
future reading success, then there is an imperative to provide informed instruction for 
all children and to intervene early with struggling readers (Foorman, Schatschneider, 
Eakin, Fletcher, Moats, & Francis 2006). This is especially true when the instruction is 
designed by teachers with deep understanding of early literacy subject matter 
knowledge coupled with effective pedagogical techniques (Bradley, 2011). Teachers 
of early literacy use several pedagogical techniques that focus on phonology, 
phonemes, graphemes, vocabulary, morphology etc. (Calhoon & Petscher, 2013).  
In their research to determine the predictive validity of an early literacy 
screening instrument Goffreda, Diperna, and Pedersen (2009) noted that children who 
fail to develop the basic prereading skills along with their classmates begin a lower 
trajectory of achievement with a gap that widens over time in comparison to their 
typically developing cohort. The phenomenon of falling behind in skill attainment 
such as reading has been termed by the sociologist Robert Merton (1968) as the 
Matthew Effect. The Matthew Effect is a reference to the biblical parable Matthew 
25:29 which is commonly rephrased as "the rich get richer, while the poor get poorer." 
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It is this notion of a cumulative development that disadvantages children who fail to 
attain early reading concepts. A failure to identify and remediate children who 
experience difficulties in reading reduces their abilities in subsequent lessons which 
then confounds their abilities in subsequent ones. Rephrasing the Matthew Effect with 
relation to learning to read might be represented readers learn, struggling readers fail 
to learn.  
Early in her career as a researcher Clay (1979) noted that a “wait to see model” 
of early literacy acquisition for struggling readers was ineffective:  
There is an unbounded optimism among teachers that children 
who are late in starting will indeed catch up. Given time, 
something will happen! In-particular, there is a belief that the 
intelligent child who fails to learn to read will catch up to 
[his/her] classmates once [ s/he] has made a start. Do we have 
any evidence of accelerated progress in late starters? There may 
be isolated examples which support this hope, but correlations 
from a follow-up study of 100 children 2 and 3 years after 
school entry lead me to state rather dogmatically that where a 
child stood in relation to [his/her] age-mates at the end of 
[his/her] first year in school was roughly where one would 
expect to find [him/her] at 7:0 or 8:0. (p. 13) 
 
Clay's observation negates a common claim made of beginning readers that they are 
'just not ready' to learn how to read. Understanding that the first step to reading is 
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phonological awareness, it is essential that this first skill is explicitly taught to very 
young children as a foundational skill as they move on to phonics and beyond 
(Perfetti, Beck, et al., 1987). Children that are excused from early literacy acquisition 
are in danger of falling behind their cohort and remaining behind and disadvantaged 
for the remainder of their school career and perhaps beyond. Hernandez (2011), 
through his research on predictive outcomes of reading and poverty on high school 
completion, further informs that students who fail to become readers by Grade 3 are 
four times more likely to drop-out of school.  
Strong research evidence exists that all young children, when learning to read 
the English language, can benefit from explicit and systematic instruction in each of 
the basic language concepts. For example, phonemic awareness in young children has 
been reported to be a strong predictor of later reading success (Melby-Lervåg, Lyster, 
& Hulme, 2012). Researchers have reported that young readers, particularly those who 
are struggling, can benefit from explicit and systematic instruction in phonological and 
phoneme awareness in the early years (Torgesen et al., 1999). Additionally, research 
supports the use of systematic phonics instruction as a method for teaching young 
readers to "break the code" of the English language and consequently improve 
decoding, word reading, text comprehension and spelling (Hatcher, Hulme, & 
Snowling, 2004). A key finding in the Rose Review (Rose, 2006) was that high-
quality phonics instruction is vital in the early years and includes the introduction of 
grapheme-phoneme correspondences in a clearly defined, incremental sequence. 
Teachers who possess a good understanding of early literacy subject matter and 
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pedagogical knowledge have the tools necessary to guide children in their reading 
development. Rose's (2006) observation states that: 
The best teaching seen during the review was at a brisk pace, 
fired children's interest, often by engaging them in multi-
sensory activities, drew upon a mix of stimulating resources, 
and made sure that they received praise for effort and 
achievement. Children's response to these sessions was, 
overwhelmingly, one in which success was its own reward. For 
example, they took pride in demonstrating phonic skills, were 
becoming confident communicators, and showed positive 
attitudes to reading and writing. Such practice fell well within 
what the Primary National Strategy has described as 'quality 
first teaching'. (p. 37)  
 
In Canada, The Canadian Language and Literacy Research Network (CLLRNET) 
report entitled National Strategy for Early Literacy (NSEL) acknowledged the 
importance of effective teaching of phonological and phonemic awareness in the early 
years of literacy acquisition (CCLRN, 2009). The importance of these two skills are 
vital first steps in the development of reading in children.  
Neuro Cognitive Bases  
Interleaved learning is when new information is repeatedly presented and 
interleaved with known information. Interleaving promotes gradual assimilation of the 
new information into connections among the brain’s neuron structures with minimal 
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interference from distractions (McClelland, McNaughton, & O'Reilly, 1995). 
Interleaved learning falls within the framework of Complementary learning systems 
(CLS) first introduced by McClelland, McNaughton, and O'Reilly (1995). CLS 
explains that the brain has two memory systems. The hippocampus is tasked with 
learning episodic memories dealing with autobiographical events such as time, places, 
and contextual information like who, what when, where and why. The second is the 
neocortex charged with gradually overlapping information from various episodic 
events to bring meaning to the larger array of experiences. The interplay between the 
hippocampus and the neocortex with frequent periodic exposure to the same material 
results in better retention than a single session (Wickelgren; 1974 ).  
Fields (2005) describes a pedagogical method termed ‘spaced learning' that 
shows promise in the transference of information into long-term memory. The 
structure of spaced learning as a pedagogical technique involves the development of 
three similar lessons delivered twice in a relatively short period of time. The short 
duration and frequency of the lessons is supported by the short-term perceptual 
priming hypothesis (Russo, Parkin, Taylor, & Wilks, 1998). The short-term perceptual 
priming hypothesis suggests that there is a reduction in the need for perceptual 
priming of the learner as frequent sessions continue reducing this step in the encoding 
of the experience. Further, Wagner et al. (2000) found that spaced learning had a 
positive effect on encoding-related neural activity because of the structure of repetition 
and enhancement of short-termed memory. Spaced learning has shown positive effects 
on a number of acquisition areas in early literacy including syntactical features 
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(Ambridge, Theakston, Lieven, & Tomasello, 2006), grammar (Miles, 2014), and 
phonics (Seabook, Brown, & Solity, 2005).  
It is also generally acknowledged that the longer a child is asked to engage on 
a task the higher the likelihood that their mind will wander away from task related 
activity. (Thomson, Seli, Besner, & Smilek, 2014). Particularly, young children have 
shorter attention spans. Through focusing instruction on short frequent episodes, it is 
anticipated that children will have higher levels of attention and thus involvement 
reinforcing the foundation of spaced learning in that shorter lessons have a higher 
chance that students will remain engaged in the task at hand.  
Need for Additional Research 
Currently a gap in research exists that investigates the development of teacher 
subject matter knowledge through their application of planning and pedagogy exists. 
The research community would benefit from research to develop, test, and refine the 
development of early literacy subject matter knowledge within the classroom setting 
through the application of pedagogical planning. As demonstrated previously, further 
investigation into the disconnect between early literacy research and teacher 
understandings of early literacy subject matter knowledge is warranted. The results 
from this study will contribute to closing this gap by investigating the use of interval 
learning as a pedagogical technique that encourages teacher early literacy subject 
matter knowledge development.  The results from this study are also expected to 
highlight the need for future research to look at non-traditional methods of teacher 
development and learning. 
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Summary 
Early literacy has long been a primary focus for early years schools. It is 
imperative that the foundational skills of early literacy be mastered by children as they 
progress to becoming literate. Within a framework of teacher professional knowledge, 
subject matter knowledge is one side of the coin with pedagogical content knowledge 
being the other. For teachers to provide early literacy instruction for children. a solid 
grounding in both the subject matter and pedagogy knowledge is required in order to 
determine what and how to teach (Binks-Cantrell, Malatesha, Joshi, & Washburn, 
2012; Carlisle, Kelcey, Rowan, & Phelps, 2011; Moats, 2014; Mccutchen, Abbott, 
Green, Beretvas, Cox, Potter, Quiroga & Gray, 2015). However, research findings 
consistently demonstrate a lack in teacher early literacy subject matter knowledge held 
by teachers (Washburn, Malatesha, & Binks-Cantrell, 2011; Cunningham, Zibulsky, 
Callahan, 2009; Fielding-Barnsley, 2010; Binks-Cantrell, Washburn, MalateshaJoshi, 
& Hougen, 2012; Moats & Foorman, 2003; Piasta, Park, Farley, Justice & O'Connell, 
2019). The lack in subject matter knowledge by teachers suggests that current models 
in practice aimed at improving early literacy subject matter knowledge in teachers is 
ineffective. What if this issue could be ameliorated through focusing on teacher 
pedagogical strength in planning focused, short, frequent lessons synthesized from 
research based early literacy instructional resources? The next chapter will outline a 
proposed method for investigating this question. 
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Chapter Three: Methodology 
 The purpose of this mixed methods study investigates the impact of interval 
learning instructional planning and implementation coupled with research based 
resources on teacher early literacy subject matter knowledge at a suburban school 
district. This chapter will discuss the methodology used in this mixed methods 
research study. The study will examine whether teachers’ early literacy subject matter 
knowledge improves through the application of their pedagogical knowledge in 
planning and delivering interval learning sessions created from research proven 
instructional strategies. A mixed methods approach “provides a way to harness 
strengths that offset the weakness of both quantitative and qualitative research” 
(Creswell, & Plano Clark, 2018, p. 12). The justification for using mixed methods is to 
better understand the process of acquisition of subject matter knowledge in teachers 
through direct knowledge measures, teacher reflections on their knowledge, and a 
triangulation based on student achievement. Within this research the focus is upon 
examining the consequences, if any, of the interval learning within a view of what 
works in teachers’ professional practice in classrooms. This view aligns with a 
pragmatic mixed methods design that allows for multiple methods of data collection to 
inform the research question.  
Research Purpose and Questions 
The purpose of this mixed methods study is to investigate potential effects on 
teacher early literacy subject matter knowledge when teachers synthesize research 
based on-line instructional resources to plan and deliver one to three 10-minute early 
literacy lessons daily (interval learning). The study is designed to address two research 
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questions, one focused on teacher early literacy subject matter knowledge and the 
second focused on the impact of interval learning on student early literacy 
development.  
RQ1. What is the impact on a teacher’s early literacy subject matter knowledge 
when implementing interval learning pedagogical processes developed from 
research based on-line resources? 
RQ2. What relationship is there between teacher early literacy subject matter 
knowledge, interval learning as an instructional process, and student learning  
a. What effect on student learning has the interval learning process 
had? 
b. What effect on teacher early literacy subject matter knowledge has 
the intervention had? 
In this mixed methods evaluation design, there are several evaluation steps conducted 
over the timeline of the project. These steps include teacher early literacy content 
knowledge assessment, semi-structured interviews (group and individual), the creation 
of concept maps and student early literacy performance measures. In the overall 
evaluation of these steps, a convergent mixed method design (Creswell & Plano Clark, 
2018) is employed in which both quantitative and qualitative data was collected and 
analyzed in the final steps of the evaluation. The qualitative type of data included 
semi-structured group and individual interviews and teacher created concept maps. 
The quantitative data includes student performance assessment data derived from the 
WRAT 4 Reading Abilities test for the G1 students and the TOPA II assessment for 
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the GK students. Additionally, the Survey of language Constructs Related to Literacy 
Acquisition was administered to teachers. 
Rationale  
This study is of a fixed mixed methods convergent design applied within a 
pragmatist paradigm (Creswell & Plano Clark, 2018). Having both the qualitative and 
quantitative measures in place and implemented allows for both sets of data to be 
analyzed independently. Following the independent analysis of the two sets of data 
each set was then jointly combined to for a third set of data analysis. The nature of the 
research question is such that to gain a rich understanding a comparison of quantitative 
statistical results with qualitative findings is appropriate. 
Creswell and Plano Clark (2018) describe four major parts of the convergent 
design approach: 1) collection of quantitative and qualitative data (concurrent but 
separate); 2) independent analysis of the two data sets; 3) merging the two data sets; 
and finally 4) interpretation of the combined results as to the extent that the two 
converge or diverge.  
There are two phases to this student involving two separate groups of teachers. 
The first phase is an exploratory ten-month phase with the participation of four G1 
control teachers and four G1 intervention teachers. Data gathered on G1 teachers was 
post intervention and only on the four intervention teachers. Teacher data consists of 
post individual concept maps, post semi structured group interview and posttest of the 
LCRLA. Student data (WRAT-4) collection took place on all student (control and 
intervention) at the beginning, middle and end of the ten-month time frame.  The 
second phase of the study involves nine GK teachers all of whom took part in the 
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intervention over a four-month period. Data gathering involved the pre and post 
concept maps, pre and post semi structure group interviews, post individual semi 
structured interviews and pertest and posttest of the LCRLA. GK student performance 
data was gathered once using the TOPA II, once at the end of the intervention.  
Description of Interval Learning 
Learning intervals are a pedagogical technique that involves teachers creating 
short frequent whole group instruction aimed to develop a continuum of skills. In this 
research, teachers developed and present three ten-minute lessons spread equally 
across the day focused on the early literacy skills of phonological awareness and 
progressing to basic phonic skills as student skills develop. The learning intervals are 
in addition to, but support, regular early literacy instruction. Teachers were instructed 
to use as primary resource two on-line early literacy resources to target specific 
instructional objectives-based results from student early literacy skill development 
monitoring. Following is a description of the two resources with examples of content.  
Teacher On-line Resources  
At the beginning of the project teachers were brought together and made 
familiar with two primary resources aimed to help with planning for the instructional 
intervals. Selection of the sites was guided by two criteria. First and foremost, sites 
had to be research informed and needed to provide access to resources aimed 
specifically at the various stages of early literacy development. Secondly, sites had to 
be openly available with no costs associated with use. Two sites were selected that met 
the two criteria: 1) Florida Center for Reading Research; 2) Reading Rockets. Both 
sites have over a decade of development that is based on research evidence of early 
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literacy development and sound instructional practices. The sites are readily available 
and provide full access to all resources without cost to the user.  
The FCRR resource is simpler than Reading Rockets and is straight forward 
with respects to matching skill development with instructional programing. The 
Reading Rockets resource provides more understanding around the research and 
content knowledge development of early literacy development as well as supports for 
professional development. The two sites are complementary in the overall approach to 
classroom practices and provide teachers with options with respect to developing their 
own instructional experiences.   
FCRR Student Centered Activities  
In 2004-2005, The Florida Center for Reading Research, part of Florida State 
University, created online resources and materials that focus on research-based early 
literacy instructional practices for Pre-K through Grade 12 (FCRR, 2019).  The site 
can be used by teachers in two ways. The contents can be used as a scope and 
sequence for literacy instruction for an entire grade level. There is a resource guide at 
each grade level that guides teachers through a sequential program based on 
researched methodology. The individual lesson may also be used to augment existing 
classroom teaching practices giving teacher the ability to narrow down a focus on 
specific early literacy skills and use the various parts of the lesson in isolation. To 
better understand the structure of the FCRR Student Center Activities the following is 
a brief look at the structure of the site and a look at a single lesson. 
The Student Center activities section of the resource page has a subsection 
dedicated to GK and G1. The headings within this section follow the ‘five pillars’ of 
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early literacy as identified by the National Reading Panel (2000) of phonological 
awareness, phonics, fluency, vocabulary, and comprehension. Each of the five sections 
contain several lessons that can be identified through instructional objective. For 
example, within the phonological awareness section there is a collection of nine 
lessons that focuses on ‘Rhyme’. The title of the first lesson is ‘PA. 001 Rhyme or No 
Rhyme’ and follows a common resource template that begins with one-page 
organization of the lesson followed by any print resources that may be needed. The 
one-page templates have four common headings titled Objective, Materials, Activity, 
and Extensions and Adaptations. The Objective section concisely articulates the goal 
of the lesson. The objective for PA.001 states “The student will recognize rhyming 
words” (FCRR, 2019). Under the Materials heading there a bulleted list includes items 
that are required for the lesson. In this case the student will need to access paper, 
crayons, headphones, gloves, and a CD or tape player with rhyming songs. There is 
also a reference to an optional manipulative of paper hands on popsicle sticks found in 
Activity Master PA.016.AM2.  The Activity section of the resource lists in a 
numbered sequential order the activity that the students and teacher will follow. The 
activity is laid out as:  
Students interact with rhyming songs.  
1. Place the tape player, headphones, and the rhyming tape at 
the center. Provide each student with gloves, paper, and 
crayons.  
2. The student puts on the gloves and headphones.  
3. Listens to a rhyming song.  
4. Interacts with the song (claps when the words rhyme).  
5. Shakes head “no” when the words do not rhyme.  
6. Draws pictures of one of the rhyming pairs in the song (e.g., 
cat and hat) on paper.  
7. Teacher evaluation 
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Following the above steps within the activity section the template has a graphic 
that illustrates the lesson and expected student output. In this case, there is a drawing 
of a cassette tape player and a paper with a hat and cat drawn on it.  The final heading 
of Extensions and Adaptations suggests how a teacher might guide students to further 
develop their skills within the area of focus. In this lesson there are two suggestions of 
“Draw additional rhyming pictures to match the rhyme pair (e.g., rat)” and “Illustrate 
other rhyming pairs” (FCRR, 2019).  
Rhyme is but one item within the Phonological Awareness section of the 
GK/G1 resources. In addition to Rhyme there is also Alliteration, Phoneme Isolating, 
Phoneme Segmenting, Sentence Segmentation, Syllables, Onset and Rime, Phoneme 
Segmenting and Blending, Phoneme Manipulating, and Phoneme Matching. As 
mentioned above, the resources in the Student Center Activities may be used as part of 
a comprehensive program guiding overall early literacy instruction over the duration 
of a school year. However, as is pertinent to this research it is the use of the resources 
in isolation driven by teacher knowledge and experience that is of interest. Having 
teachers engage in the vocabulary of early literacy and develop an awareness of 
proven pedagogical practices plays an important role in teachers selecting and 
modifying lessons to create short frequent 10 minute instructional lessons for children.  
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Reading Rockets 
Reading Rockets is a free on-line resource dedicated to bringing research-
based reading strategies to help in the development of childrens’ literacy. The site, 
which started in 2001, is part of an overall project that also includes PBS television 
programs, professional development, and a robust social media presence. The site 
offers many resources including research summaries, parent supports, and a section on 
classroom strategies. The Classroom Strategies page suggest that the library of 
strategies “provides teachers with effective, researched-based classroom strategies to 
help build and strengthen skills in print awareness, phonological awareness, phonics, 
fluency, vocabulary, comprehension, and writing” (Reading Rockets, 2019).  
The seven areas of phonological awareness, phonics, fluency, vocabulary, 
comprehension, and writing are used as headers to divide up the various instructional 
strategies used to support early literacy development. Every strategy in the library 
follows the similar template for organization.  The strategy includes a short description 
why the strategy is important and when to use it with respect to individual/small/whole 
group settings and if it is used before/during/after reading.  Instruction on how to use 
the instructional strategy is articulated and supported with a classroom video as an 
example. Following the video are links to the resource templates that may need to be 
downloaded for use. The template continues with suggestions of children’s book that 
can be used to support the lesson and comments on how the lesson might be 
differentiated. Each lesson ends with links to supporting research that supports the 
instructional strategy.   
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The Reading Rockets Classroom Strategies site is less of a scope and sequence 
site than that of the FCRR. It provides a rich array of information on specific 
instructional strategies that are linked to instructional purpose. Many of these 
strategies can be applied in other subject areas to help with early literacy development 
in areas other than Language Arts. The site also adds more of a professional 
development component in exposing teachers to modelling, research, and early 
literacy content knowledge development.  
Setting & Participants  
This study took place in a single public-school jurisdiction in western Canada. 
The jurisdiction serves a combination of rural and suburban schools in various grade 
configurations serving students in pre-kindergarten to G12. The jurisdiction has 
between 25-30 schools serving between 9 000-12000 students in under 10 
communities. The jurisdiction borders a larger western Canadian city with most of the 
communities within a 30-minute drive of the larger city. Table 3.1 organizes the 
schools participating in this study into grade configuration, population, community, 
general social economic status (SES), and number of participating teachers.  
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There were two groups of participants. The first group, the exploratory group, 
was comprised of eight G1 teachers. Each teacher was paired within their school with 
one serving as a control and one an experimental participant. This first phase was 
completed in the 18/19 school year as a professional development activity in the 
school jurisdiction. In all during the exploratory professional development, there were 
four pairs spread across four schools. The second group of teachers, new to the 
approach, involved eight schools and nine GK teachers. The GK teachers in the 
second group were not paired with a control teacher, all nine participated in the 
interval learning process. Table 3.2 describes the participating teachers including class 
size and teaching experience.  
Table 3.1 
 
General Description of Participating Schools 
 
Config. Pop’n Setting SES 
Teachers in 
study 
GK G1 
Raxus PK-4 350 Suburban Average  2 
Raysho PK-4 350 Suburban Average  2 
Eadu PK-6 550 Suburban Higher  2 
Wrea PK-6 350 Suburban Lower  2 
Waylan
d 
PK-6 450 Suburban Lower 1  
Ertegas PK-6 400 Suburban Average 1  
Retta PK-4 350 Suburban Average 1  
Rodia PK-4 350 Suburban Average 1  
Espirio
n 
PK-6 550 Suburban Average 1  
Crait PK-6 300 Rural Average 1  
Codia PK-9 700 Suburban Average 1  
Lefrani PK-6 450 Suburban Average 1  
Taris PK-6 350 Rural Average 1  
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Table 3.2 
Teacher Overview 
 
 
 
 
Participant Orientation to the Project  
In the initial exploratory implementation of interval learning (2018-19), 
participants were provided with a professional development session. In this session 
teachers were acquainted with interval learning as a pedagogical process and how to 
use both Reading Rockets and FCRR to help guide interval learning lesson 
development. Examples of lesson development using the sites was given with 
opportunity for teachers to engage in practice using the resources to inform the 
development of learning intervals. Additionally, teachers were introduced to the 
WRAT-R assessment tool including discussion regarding the role of WRAT-R in 
helping guide instructional planning. The orientation for the GK teachers in the fall of 
2019 proceeded much like the one for the G1 teachers. GK teachers were introduced 
 
Grade School 
Class 
Size 
Teaching Experience 
Overall At Grade 
Leia 1 Raxus 18 27 8 
Rey 1 Raysho 17 1 1 
Mara 1 Eadu 18 17 8 
Jaina 1 Wrea 17 3 3 
Aayla K Wayland 40 10 3 
Korr K Ertegas 19 8 1 
Hera K Retta 14 24 17 
Ania K Rodia 17 22 15 
Jan K Espirion 32 6 4 
Nomi K Crait 37 23 6 
Sabine K Codia 23 13 5 
Sana K Lefrani 19 6 5 
Lumiya K Taris 36 5 5 
Note: Only intervention teachers for G1 are listed 
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to the TOPA II, the on-line resources of Reading Rockets and FCRR, and the structure 
of interval learning.  
Instruments 
There are three quantitative tools that were used in this study. Two instruments 
were used to measure student early literacy. The WRAT-4 Reading Abilities was 
administered to the G1 students three times over the intervention and the TOPA II was 
administered to the GK students as a post-measure. The LCRLA was administered to 
the G1 teacher as a post measure while the GK had the LCRLA administered as a pre 
and post-measure. (Figure 3.1).  
Figure 3.1 
Data Collection Timeline 
 
The student measures can be considered as a secondary data used for triangulation to 
further track teacher subject matter knowledge development.  Student data will also be 
September 2019 
• Obtain 18/19 WRAT-R data for G1 phase
• Administer LCRLA to GK and G1 teachers
• Administer TOPA II to GK students
September 2019 
• Host interviews with G1 & GK teachers seperatley
• Have G1 & GK teachers create concept maps on Early 
Literacy Learning
December 2019  
• Administer TOPA II to GK students
January 2020
• Host Inteviews with GK teachers (group and individual)
• Administer LCRLA to GK teachers
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incorporated as a touch point in the interviews for teachers to review and comment on 
(see name of interview below).  
WRAT-R 
 The first student quantitative tool is known as the WRAT-R (2006) Measure 
of Word Reading. This is a subscale of the more comprehensive instrument WRAT-4 
publish by Pearson Assessment. It is a measure of letter recognition and word 
recognition having students read aloud a list of letters and words. The instrument has 
an internal reliability coefficient of between .80 to .90. The validity is correlated with 
other widely used instruments such as the ability tests WISC-V and WASI-II and 
achievement test WIAT-III. The instrument is a subtest suitable for measurement of 
reading skills, identification of at-risk students, and student growth/change over time. 
The WRAT-R has been normed on 5600 students with variances for age, geographic 
region, sex, race, and metropolitan/nonmetropolitan area. The WRAT-R is comprised 
of rows or lines of text the student is to read while the administrator marks the 
student’s errors. The first row has students read letters and respond with letter names. 
The rest of the instrument is a series of words that become more complicated as the 
student progresses. There is a discontinue rule based on the number of incorrect 
responses in succession a student makes.  
TOPA II 
The TOPA II is a group-administered, norm-referenced measure of 
phonological awareness for children ages 5 through 8 years. The instrument has 
demonstrated reliability and the test yields valid results that are reported in terms of 
scaled scores. The TOPA II measures student’s ability to (a) isolate individual 
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phonemes and (b) understand the relationships between letters and phonemes. The 
TOPA II is most sensitive to difference during the second half of the GK year.  
Phonemic awareness is measured using two different item types (a) Sound-Same items 
and (b) Sound-Different items. The Letter-Sounds subtest has students indicate which 
letter of four has the same sound as a specific phoneme. The TOPA II ws normed on 
1,035 GK students from 26 states for a representative sample of the United States. The 
internal consistency, test-retest reliability, and interscorer reliability all exceed .80.  
LCRLA  
To measure the teachers’ understanding of early literacy subject knowledge the 
Survey of Language Constructs Related to Literacy Acquisition (LCRLA) by Binks-
Cantrell, Washburn, Joshi, and Hougen (2012) was selected. The development of this 
instrument is a refinement of an earlier instrument used by Joshi, Binks, Hougen, 
Dahlgren, Dahlgren, Dean, and Smith (2009). That survey was based on surveys and 
questionnaires used by other researchers (Bos, Mather, Dickson, Podhajski, and 
Chard., 2001; McCutchen, Harry, Cunningham, Cox Sidman, and Covill, 2002; 
Moats, 1994).  The LCRLA was designed to assess teacher understanding of the early 
literacy subject matter knowledge as it relates to phonology, phonics, and morphology. 
The items within the LCRLA measure both phonemic awareness (and other 
phonological skills categorized as either explicit knowledge or explicit ability), and 
basic phonics understanding. This narrowing of the focus reflects the first two pillars 
(phonemic awareness and phonics) of the five pillars of early literacy described 
earlier. The two pillars represent the crucial development of a child’s understanding of 
oral language and how it is represented in the written word. This transition typically 
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occurs early in a child’s reading development and is a necessary foundation for further 
reading development. The subject matter knowledge related to phonemic awareness 
and phonics are straightforward and easily measured. Thus, the LCRLA serves this 
research well as being focused on the early literacy subject matter knowledge required 
for reading development stages appropriate for children in GK and G1.   
The LCRLA allows for the sorting of teacher responses into understanding 
groupings of the early literacy basic subject matter constructs of phonological, 
phonemic, phonics, and morphological.  The LCRLA was “standardized for reliability, 
item difficulty, item discrimination, and model fit using exploratory factor analyses. 
The reliability for the scores on the basic language constructs survey was found to 
be .90 (Cronbach’s alpha). The reliability coefficients for the subscales were .75 for 
knowledge, .85 for ability, .78 for phonological, .76 for phonemic, .71 for phonics, 
and .88 for morphological” (Binks-Cantrell, Washburn, Joshi, & Hougen, 2012). The 
LCRLA was transcribed to Qualtrics on-line survey and administered as an on-line 
assessment. See Appendix A for a complete survey. 
The LCRLA was used as a posttest comparison between the G1 experimental 
groups. It was decided not to administer the LCRLA as a pretest as the exploratory 
group was a professional development undertaking to assess whether interval learning 
would work and address ongoing concerns within the district context. A pre/posttest 
structure was used with the GK group. Both the individual responses and overall 
responses will be used to compare between groups to determine if there are any 
differences attributed to the intervention among the various early literacy subject 
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matter knowledge constructs. Figure 3.2 demonstrates the design structure to 
distinguish between the various constructs.  
Figure 3.2  
LCRLA Item Discrimination Categories.  
 
Interviews 
The qualitative data gathering of this study involved the gathering of concept 
maps and interviews. For the most part the qualitative data has a focus on the 
development of early literacy subject matter understanding by the participating 
teachers. The nature of this evidence allows for the exploration of conceptual 
information that may not be articulated using quantitative measures.  
Concept maps are a proven tool to gauge an individual’s understanding of 
concepts.  Novak and Cañas (2008) in developing a theoretical model of concept maps 
demonstrate that concept maps can be used to capture expert knowledge in that 
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concept maps allow for the expert to draw upon ‘tacit’ knowledge that they may not be 
able to articulate well. The use of concept maps as artifacts is well placed in this study 
as the level of understanding of early literacy subject matter knowledge as part of the 
pedagogical content knowledge and simple view of reading frameworks are explored.  
Interviews with the experimental teachers from the G1 phase and all teachers in the 
GK phase will be of the semi structured small group type. The GK teachers also 
underwent individual post-interview. The purpose of the interviews questions is to 
further understand both the teacher’s perception of the effectiveness of the 
intervention on their early literacy subject matter knowledge and to probe into their 
actual knowledge and understanding of early literacy instruction and learning.  
 
Data Analysis 
The data collection used in this study consisted of a teacher survey, concept 
maps, interviews, and student performance data. Analysis of the data was focused on 
the research questions. 
Quantitative Analysis  
Quantitative survey data was analyzed using descriptive statistics and t-test 
analysis only due to the small size of the population. The application of the t-test is 
appropriate for this population size given that it was designed to for analysis of small 
samples (Student, 1908).  
 Qualitative Analysis  
The data from the semi-structured interviews was recorded and transcribed 
verbatim. Data was analyzed using MAXQDA with coding following themes centered 
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on early literacy subject matter supported by the LCRLA. Transcripts were coded first 
through in vivio coding to inform the creation of code maps which informed the 
application of pattern coding (Creswell & Plano Clark, 2018).  Concept maps were 
pattern coded with coding categories focused on early literacy subject matter technical 
terms.  
Qualitative validity was addressed in three ways: member-checking, 
triangulation, and reporting disconfirming evidence. Once codes were developed 
triangulation was used to find evidence between data sources to support themes. It was 
expected that there will be evidence for themes that diverge and include more than just 
positive evidence. Creswell and Plano Clark (2018) suggest that “a report of 
disconfirming evidence in fact confirms the accuracy of the data because in real life 
we expect the evidence for themes to diverge” (p. 217).  
Comparison of Quantitative and Qualitative Analyses.  
Following the analysis of the qualitative and quantitative data sources the two 
went through a data integration process. The first step was to dichotomize themes in 
the qualitative data and in so doing transformed the data in quantitative data. Creswell 
& Plano Clark (2018) lay out steps that aid in the integration process. Integration 
begins with looking for common concepts between the qualitative and quantitative 
data sets and creating an array to jointly display the information. The array eased the 
comparison of concepts to determine in what ways they confirm, disconfirm, or 
expand each other.  
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Researcher Positionality 
I have been employed in the school jurisdiction of the research participants for 
the last 10 years as a principal. I have served as principal in two of the three schools 
participating in the research. Most of my career has been serving schools with a grade 
configuration that has included GK and G1.  Though I was trained as an industrial arts 
teacher for junior and senior high grades, my focus over the last 23 years as principal 
has been on early literacy learning, an area I am passionate about. A cornerstone in my 
role of supervision and evaluation and supervision has involved early literacy 
assessment and screening of student performance and teacher instructional practices. I 
purport that teachers whose job it is to teach early literacy should have a professional 
level of both content and pedagogical knowledge in the area. My own understandings 
of early literacy instructional practices are born from experience and self-directed 
learning over the last two decades.  
One pair of teachers who implemented interval learning during the exploratory 
year are participants in this research and are currently in the school I am principal. 
Both teachers are senior master teachers whom I often rely on to mentor new and 
practicum teachers. I would characterize my relationship with them over the last five 
years as a supporter. Their involvement in this project has from the outset been framed 
as a collaborative investigation into improving student early literacy skills and interval 
learning as a professional development opportunity. Though I hold a supervisory 
position with respects to the two teachers I do not find it a compelling dimension that 
would negatively influence their involvement.  They, of course, could have decided 
whether they wished to continue their participation in the approach and to determine 
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whether to participate in this formal study of the change process.  No other teachers in 
the research population have had me as their direct supervisor. However, I have had 
previous interactions with all the teachers in this study, most notably as a professional 
development lead in the use of the early literacy screening tools. In order to ensure 
that my involvement in the study is not seen as supervisory it was stressed at the outset 
of the study that this undertaking is professional development in nature. During 
orientation to the interview part of the study it was stressed that in no way will their 
contributions be used as an evaluative job performance undertaking.  
Ethical Considerations 
Research was conducted with the highest regard to ethical considerations. Institutional 
Review Board (IRB) at the University of Portland was granted and followed precisely. 
Teachers were given a consent form that articulates the project and their role within. 
Given that I am an administrator in this district, I particularly emphasized in the 
consent letter that participating in this study would have no benefits or consequences 
related to employment or supervision. I clearly articulated that this study is an attempt 
to understand whether and how interval learning positively supports teacher and 
student learning, and I invited their collaboration in that effort. All teacher and student 
personal data was protected using alpha numeric coding. All data was maintained on a 
password-protected computer.  
Research Standards: Issues of Trustworthiness  
Creswell and Miller (2000) assert that in the qualitative portion of research 
there is a triple lens notion of viewing the research that is undertaken by the 
researcher. The researcher should not only consider and honour their own viewpoint 
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but those of the participants and those who may read the research. It is apparent that 
my own viewpoints, experiences, and relationships with the participants have the 
potential to call into question the trustworthiness of this research. I have designed into 
the research strategies of triangulation, peer review, self-reflection, and member-
checking to compensate for potential biases by corroborating the accuracy of findings.  
As described above, an explicit understanding was established between the 
participating teachers and myself that this was a non-evaluative undertaking. As I have 
had opportunity to interact with all the teachers in a professional development capacity 
in the past it was decided to frame this project as a continuation of that relationship.  
 
Summary 
The purpose of this convergent design mixed methods study is to investigate if 
teacher early literacy subject matter knowledge can be developed through the 
application of a pedagogical technique termed interval learning. The premise is that as 
teachers synthesize researched lessons found on two early literacy websites into short 
frequent lessons, their exposure to the content will develop their subject matter 
knowledge. As the focus is on early literacy teachers in GK and G1 were recruited. 
The study took place in one suburban/rural school jurisdiction western Canada. The 
study used both qualitative and quantitative data to strengthen internal validity. Data 
sets were analyzed separately using various methods appropriate for each type. 
Following individual analysis, the two data sets were integrated and analyzed further. 
This study followed strict ethical guidelines and protect the identities of all 
participates. Results will be reported in Chapter 4.  
55 
 
  
56 
 
Chapter Four: Results 
This chapter will address both research questions considering the various data 
gathering methods employed. The purpose of the study is to investigate the impact of 
interval learning instructional planning with research based resources and 
implementation on teacher early literacy subject matter knowledge. There are two 
research questions used to frame investigation into the purpose of the study. First, over 
a four to eight-month period, what is the impact, if any, on a teacher’s early literacy 
subject matter knowledge when consistently implementing interval learning 
pedagogical processes developed from research-based on-line resources?  
The second research question is what relationships, if any, are there between, 
among, teacher early literacy subject matter knowledge, interval learning as an 
instructional process, and student learning? There are two sub-questions that also help 
frame research question two: a) What effect on student learning has the interval 
learning process had, and b) What effect on teacher early literacy subject matter 
knowledge has the intervention had? 
In presenting the results, this section will examine the data gathered from 
teacher interviews, teacher developed concept maps, teacher performance on the 
Survey of Language Constructs Related to Literacy acquisition (LCRLA), and student 
performance on the TOPA II or WRAT-R Reading Abilities tests. Organizationally, 
the two research questions will provide the structure for the investigation beginning 
with research question one.  
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Interval Learning and Teacher Subject-Matter Knowledge 
There were three data gathering methods in this project designed to address the 
impact of interval learning on the early literacy subject matter knowledge of the 
participating teachers: a) Teacher performance on the Survey of Language Constructs 
Related to Literacy Acquisition (LCRLA); b) Teacher-created concept maps; and c) 
Participation in individual and focus group interviews.  The following section will 
present findings from each of the three data sources related to research question one 
individually followed by a look at the triangulation across the three evidence types.  
Teacher Early Subject Matter Knowledge Assessment 
The LCRLA (Binks-Cantrell, Wasburn, Joshi, & Hougen, 2012) was 
administered as a pre and posttest for the GK teachers and as a posttest only for G1 
teachers (Table 4.1). Comparison of pre and posttest results demonstrated that there 
was growth for GK teachers. On the overall test score six of eight teachers improved, 
one fell, and one stayed the same. The subtests of the LCRLA had mixed results as the 
morphology subtest increased the most overall with six improving from the pretest, 
one fell, and one stayed the same. The phonics subtest had five of the eight teachers 
increase while three had no change. Phonics had an increase of three, a decrease of 
one, and the other half had no change. Their phonemic subtest had one teacher 
improve, three fell, and the other four had no change. Each subtest is comprised of a 
knowledge and ability component. The overall knowledge component had the greatest 
gain with 14 teachers improving, five of those in the phonics subtest. There was a 
decline for two GK teachers in the knowledge component both in the phonics subtest. 
The abilities component had an overall increase of ten and a decrease of five. The 
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greatest gain was in the morphology subtest with eight teachers increasing and one 
decreasing. The phonemic subtest had the largest decrease for three teachers while two 
had an increase.  
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Table 4.1 
Teacher LCRLA Subtest Results Pre and Post 
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ic 
A Pre 67 67 100 100 100 33 67 33 67         
Post 33 100 100 67 100 67 100 100  67 67 100 100 
K Pre 80 70 80 60 100 100 50 50 70     
Post 90 60 60 60 90 90 40 70  60 90 60 80 
T  Pre 77 69 85 69 100 85 54 46 69     
Post 77 69 69 62 92 85 54 77   62 85 69 85 
Phonological 
A Pre 100 100 0 100 0 100 0 0 100         
Post 100 100 100 100 100 100 100 0  100 100 0 0 
K Pre 100 100 100 100 100 100 86 100 100     
Post 100 100 100 100 100 100 86 71  100 100 71 100 
T  Pre 100 100 88 100 88 100 75 88 100     
Post 100 100 100 100 100 100 88 63   100 100 63 88 
Phonics 
A Pre 57 29 57 29 57 43 43 29 43         
Post 71 43 100 43 100 43 43 29  0 0 0 79 
K Pre 50 50 50 100 100 100 50 50 50     
Post 100 50 100 100 100 100 50 50  0 0 0 71 
T  Pre 56 33 56 44 67 56 44 33 44     
Post 78 44 100 56 100 56 44 33   0 0 0 78 
M
orphology 
A Pre 100 100 100 0 100 100 100 0 100         
Post 100 100 100 100 100 100 100 100  0 0 100 0 
K Pre 71 57 43 0 86 86 86 71 86     
Post 71 86 57 71 100 71 100 29  0 43 0 0 
T  Pre 75 63 50 0 88 88 88 63 88     
Post 75 88 63 75 100 75 100 38   0 38 13 0 
Total 
Test 
Pre 76 66 71 55 87 82 63 55 74     
Post 82 74 82 71 97 79 68 55   58 74 47 55 
Note. Lumiya had no posttest. Leia, Mara, Jaina, and Rey are G1 with only 
posttest 
            A=Ability, K=Knowledge, T=Total. All scores in percent 
 
Table 4.2 displays the mean percentage of score on the LCRLA at pretest and posttest. 
A paired samples t-test reveals that GK teachers (n=8) made statistically significant 
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improvement from pre to post overall combined results, t(7) = -3.12, p < .017. This 
was a growth of a little more than 6.5% in the posttest than in the pretest.  
Table 4.2 
Kindergarten Teacher LCRLA Pre to Posttest Results  
Kindergarten Teachers M SD 
LCRLA Pretest 69.41 11.68 
LCRLA Posttest 75.99* 12.22 
Note. n=8, *p<.017  
Table 4.3 displays the mean scores and standard deviations on the pretest and posttest 
for both the GK and G1groups on each of the four subtests (phonological, phonemic, 
phonics, morphology) displayed by knowledge, ability, and combined results.   
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Table 4.3 
LCRLA Pretest & Posttest Means and Standard Deviations 
Subtest Kindergarten (n=7)  Grade 1 (n=4) 
 M SD M SD 
Phonological Knowledge Pre 55.56 52.79   
Phonological Knowledge Post 87.50 35.36 50.00 57.74 
Phonological Ability Pre 98.41 4.76   
Phonological Ability Post 94.64 10.63 92.75 14.5 
Phonological Combined Pre 93.06 9.08   
Phonological Combine Post 93.75 13.63 87.75 17.44 
Phonemic Knowledge Pre 70.37 26.01   
Phonemic Knowledge Post 83.33 25.20 83.50 19.05 
Phonemic Ability Pre 73.33 18.71   
Phonemic Ability Post 70.00 18.52 72.50 15.00 
Phonemic Combined Pre 72.65 16.37   
Phonemic Combined Post 73.08 12.34 75.25 11.62 
Phonics Knowledge Pre 42.86 12.37   
Phonics Knowledge Post 52.38 32.73 46.50 21.00 
Phonics Ability Pre 66.67 25.00   
Phonics Ability Post 72.22 36.32 62.50 25.00 
Phonics Combined Pre 48.15 11.11   
Phonics Combined Post 56.79 32.13 50.00 19.63 
Morphology Knowledge Pre 77.78 44.10   
Morphology Knowledge Post 100.00 0.00 25.00 50.00 
Morphology Ability Pre 65.08 28.67   
Morphology Ability Post 73.21 23.46 10.75 21.50 
Morphology Combined Pre 66.67 28.64   
Morphology Combined Post 76.56 20.53 12.75 17.91 
Total Test Pre* 69.89 11.02   
Total Test Post* 75.99* 12.22 58.50 11.33 
Note: *p < .017 GK pre/post test 
 
Though the G1 overall results were lower than that of the GK, the areas of 
phonemic and phonics were the most similar across subtests. The greatest difference in 
the mean score was 10% for the phonics ability subtest with the GK teachers scoring 
72% while G1 teachers score 62%. It is noteworthy that the GK phonological subtest 
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was the highest overall performance on the posttest as phonological awareness has a 
considerable focus at this grade level.   
 It is unclear if a relationship exists or not with the overall scores on the 
LCRLA (Table 4.4) due to the small population size. In all, cases a one-way Anova 
analysis running the various sub-tests against teacher experience and teacher level of 
education did not yield any finding below a p > .10.  
Table 4.4 
Teacher Experience/Education and LCRLA Pretest/Posttest 
Teacher 
Experience 
Level of 
Education 
LCRLA Pre 
Score % 
LCRLA Post 
Score % 
Pre to Post 
Change % 
10 B.Ed 76 82 6 
8 B.Ed 66 74 8 
24 M.Ed 71 82 9 
6 B.Ed 55 71 16 
23 B.Ed 87 97 10 
13 B.Ed 82 79 -3 
6 B.Ed 63 68 5 
22 B.Ed 55 55 0 
5 B.Ed 74   
27* M.Ed  58  
17* B.Ed  74  
3* B.Ed  47  
1* B.Ed  55  
Note: * signifies G1 teachers. Teacher and school pseudonyms excluded to 
protect anonymity.  
Concept Maps  
The GK group teachers created individual pre intervention and post 
intervention concepts maps following the process described in Chapter 3 (above). The 
research purpose of the concept maps was to provide the teachers with an additional 
experience where they could demonstrate their early literacy subject matter 
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knowledge. Whereas the LCRLA tests discrete items, the concept map building 
process allowed teachers to determine what was of importance to include and created 
an opportunity for them to show knowledge of relationships among literacy concepts. 
The G1 teachers created only post intervention concept maps.  
Inductive analysis of the concept maps established five codes: 1) Technical 
Term (TT) indicates when a Early literacy TT was used appropriately, 2) Not 
Technical Term (NTT) indicates the use of a word that would not be considered an 
early literacy technical term, 3) Maybe Technical Term (MTT) indicates the use of a 
technical term but the context is not clear if it is used appropriately, 4), Technical 
Term Not Relevant (TTNR) indicates a literacy term that is not appropriately placed in 
context, 5) Instructional Term (IT) represents a pedagogical practice that is not part of 
early literacy subject matter knowledge.  Table 4.5 reports on the aggregate 
occurrence of the five codes as a percentage and occurrence of each mapping session’s 
total word or phrase use. GK teachers showed a significant change in the use of 
technical terms (TT) from 25.4% of the total word/phrases in the pre-intervention to 
56.6 % to the post intervention use.  Most of the percentage gain in TT came from a 
reduction (22.9%) in the use of NTT and to a lesser extent a reduction (8.2%) MTT 
word/phrases. The concept maps are more in line with the focus of IL rather than with 
broad concepts of literacy instruction. The greatest increase was in the GK use of TT 
to 56.6% which approached the G1 level of 60.8%. There was also a decrease in the 
use of NTT of 23%. The increase of TT and decrease in NTT indicates that teachers 
were displaying a change in how they were thinking about early literacy learning 
within early literacy subject matter terms.   
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Table 4.5 
Summary of Concept Map Response Types by Percentage and Count 
 Kindergarten 
Teachers 
Pre-Intervention*  
Kindergarten 
Teachers 
Post-
Intervention** 
Grade 1 
Teachers 
Post-
Intervention*** 
Technical Term 
(TT) 25.40% (48) 56.64% (81) 60.78% (62) 
Not Technical 
Term (NTT) 41.80% (79) 18.88% (27) 12.75 % (13) 
Maybe Technical 
Term (MTT) 13.76% (26) 5.59% (8) 0% (0) 
Technical Term 
Not Relevant 
(TTNR) 
9.52% (18) 11.89% (17) 11.76% (12) 
Instructional Term 
(IT) 9.52% (18) 6.99% (10) 14.71% (15) 
Note: percentage (number of occurrences) *n=8, **n=7, ***n=4 
Table 4.6 recounts the response type by each teacher on their concept maps. 
Aayla had both the greatest gain in the use of TT (12,28) and the greatest decrease in 
the use of NT (19,9), TTNR (7,1) , and IT (10,1).  
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Table 4.6 
Count of Teacher Response Type on Concept Maps 
  TT NT MTT TTNR IT 
  Pre Post Pre Post Pre Post Pre Post Pre Post 
Grade 1 
Jaina   13   3   0   3   0 
Leia  11  5  0  3  3 
Rey  19  1  0  2  6 
Mara   18   4   0   4   5 
Kindergarten 
Sana 3 17 5 3 5 4 1 5 0 0 
Lumiya 6  3  1  0  1  
Hera 5  7  1  3  0  
Ania 4 6 6 5 1 2 0 2 0 0 
Sabine 5 9 7 1 3 0 0 5 0 0 
Jan 1 5 18 1 0 0 2 0 3 0 
Korr 6 10 11 5 8 0 2 2 1 4 
Aayla 12 28 19 9 5 0 7 1 10 1 
Nomi 6 6 3 3 2 1 3 2 3 4 
 
Concept Map Levels. 
A design element in the creation of concept maps is the ability to highlight a 
term or phrase and support that notion with additional terms or phrases that branch off. 
Conceptually one can think of levels of responses on a concept map where the first 
level is one that branches of the main idea, in this case, early literacy development. 
Further branches off the first level can be termed a second branch and off those a third 
branch and so forth. Each level of a branch adds further refinement or clarity to the 
branch below. For example, a level one branch off early literacy development might 
be ‘phonological awareness’ with a level two branch term ‘phonemic awareness’ and a 
third level termed ‘onset/rime’.  Table 4.7 highlights the use of multi-leveled branches 
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in the creation of teacher concept maps on early literacy. For each of the pre and 
posttest concept maps the table indicates the use of levels in addition to the first level 
for both all words used and for those only using TT. Post GK and G1 teachers were 
more likely to add levels with more precise terminology such as ‘blending’, 
‘syllables’, and ‘segmenting’. For all but one GK teacher there was a decrease in 
multi-leveled representation in the use of non-technical terms from the GK pre 
concept map to the post concept map.  This reduction in use of non-technical terms 
demonstrates a refined concept of early literacy subject matter knowledge in that non-
related terms were no longer being considered. Sana had an increase in the use of both 
NTT terms and TT but this was unusual for the group. Aayla had the highest decrease 
in non-technical terms (36-10) but also the highest increase in TT (9-25) across the pre 
to post concept maps. This change represented a refinement in the teacher’s early 
literacy subject matter knowledge. Aayla also made the most use of levels 3 and 4. 
Between Sana and Aayla, three teachers had a decrease in the use levels in relation to 
NTT while two remained the same. Several of the GK post-intervention and all G1 
concept maps made use of multi-leveled branches to address technical terms.  There 
was an overall increase of 217% (n=18, n=39) in the use of TT multi-level concepts 
for the post-intervention GK teachers over the pre-intervention ones. This increase 
was seen primarily by three of the seven teachers whereas the other four had a slight 
decrease or stayed the same.   
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Table 4.7 
Number of Multi-level Branches 
  Pre-Intervention Post intervention 
  All TT All TT 
Grade 1 
Jaina   14 9 
Leia   11 4 
Rey   16 13 
Mara   18 10 
Kindergarten 
Sana 3 0 11 7 
Lumiya 1 0   
Hera 9 0   
Ania 6 2 4 0 
Sabine 6 1 0 0 
Jan 6 0 0 0 
Korr 23 3 15 7 
Aayla 45 9 35 25 
Nomi 7 3 4 0 
 
Additionally, there was a change in the GK use of TT. In the pre-intervention 
concept maps, TT terms were most likely to be general or ‘umbrella’ terms of early 
literacy development such as ‘phonological awareness,’ ‘phonemic awareness’ and 
‘rhymes’. The post GK terms had a similarity with the G1 terms showing a more 
refined use of TT that highlights a deeper understanding of the general terms.  
To augment Table 4.4, it is useful to illustrate the range of concept maps. 
Examples will be presented to illustrate the most and least changed from pre to post. A 
reproduction a part of the concept maps created by Aayla in the GK group (Figure 4.1) 
illustrates an example of significant growth in the subject matter knowledge. Other 
areas of Aayla’s concept maps also demonstrated change but it was her 
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reconceptualization of broader terms that link directly to early literacy technical terms 
that illustrate most precisely growth in this area. In the pre-concept map Aayla uses a 
level system to describe phonemic awareness, or the ability to hear and manipulate 
sounds. However, she then uses as the next level ‘cuing systems’ which is an 
instructional process used to approach unfamiliar words which has a base in student 
understanding of grammar rules, a much more advanced skill than would be expected 
in a list of phonemic awareness skills. Further, the next level comprised of terms 
‘graphophonic’, ‘syntactic’, and ‘semantic’ may relate to cuing systems but not clearly 
to the master heading of phonemic awareness. The third level terms of ‘phonemes’, 
‘morphemes’, and ‘vocabulary’ do fall within phonemic awareness, but ‘grammar’ 
would once again be better represented in more advanced skills. The focus at the 
beginning of the year for early literacy development in GK (which is when this 
concept map was created) is on phonological awareness a term not represented in 
Aayla’s pre-concept map.  
Figure 4.1 
Aayla Pre-Concept Map Segment 
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The post-concept map by Aayla did not have the term phonemic awareness but 
did have phonological awareness (PA). Though she still had ‘cuing systems’ with the 
associated ‘semantic’, graphophonic’, and ‘syntactic’, they stood on their own under 
‘vocabulary’ which while still not be appropriate under PA or vocabulary indicates a 
change in thinking. Additionally, there is an increase in the use of PA technical terms 
such as ‘blends’, ‘onset’, ‘rhyme’ (though paired with onset rime was likely the 
intent), ‘blends’, syllables, and so forth. Aayla continued to place ‘phonics’ and 
phonics related terms within the PA heading. Overall, her use of TT branches 
increased from pre to post (9,25) while her overall use of TT increased from 12 to 28.  
Though there is misuse of terms it is evident that Aayla is demonstrating a more 
developed understanding of early literacy subject matter knowledge overall as evident 
by her use of TT and the more sophisticated use of concept map levels.  
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Figure 4.2 
Aayla Post-concept Map Segment 
 
Though Aayla had significantly higher occurrences of technical terms in both 
the pre and post concept maps than other participants, her performances on the 
LCRLA was not the top mark but was in the top half for both the pre and post testing. 
Aayla did however, have a perfect score on both the knowledge and ability 
phonological sub-tests on the LCRLA.  
Sana from the GK group ranked second to last on the LCRLA phonological 
subtest also had significant growth in the use of TT (3,17) but did not realize a 
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significant decrease in the NTT (5,3) and had an increase in the TTNR (1,5).  
Illustration 4.3 is a representation of Sana’s entire concept map. Sana increased her 
use of levels from three on the pre concept map to eleven on the post. Additionally, 
her use of TT in levels increased from zero to seven. Unlike Aayla’s, Sana’s concept 
map lacks the advance structure of multileveled representation. It also lacks the 
umbrella terms such as phonological and phonemic awareness that would be most 
relevant to GK instruction. Though many TT are present there is for the most part, a 
lack of organization of similar concepts. For example, there are a number of terms that 
could have been nested under phonemic awareness such as ‘blending/segmenting’, 
‘onset/rhyme’, ‘position of sounds’, ‘syllables’, and ‘rhyme’. Sana’s concept map is 
representative of one of the more detailed ones produced in the GK group second only 
to Aayla’s. 
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Figure 4.3 
Sana Post-Concept Map 
 
Jan represented the fewest TT (1,5) in both the pre (Illustration 4.5) and post-
concept (Illustration 4.6) maps. She did realize a significant drop in NTT (18,1) as 
represented by the recreation of the entire pre and post-concept maps. Though there 
was a decrease in the overall use of NT, TTNR, and IT the post-concept map still 
represents a limited use and understanding of early literacy subject matter terms. This 
coincides with Jan’s score (Table 4.1), which was the lowest of all participants, on the 
LCRLA overall posttest score as well as each sub-test. On the pre concept map Jan 
represented early literacy learning very broadly including terms such as ‘fun’, 
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‘nutrition’, ‘eye strength/ tracking’, ‘access’, and ‘motor development’. There was just 
the one TT, ‘phonological awareness’, used suggesting that though there may a 
wholistic concept of early literacy learning the depth of understanding of early literacy 
subject matter knowledge was limited.  
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Figure 4.4  
Jan’s Pre-Concept Map 
 
In comparison, Jan’s post concept map had no levels but did increase in the use of TT 
for one to five and there was also a reduction in the use of NT from 18 to one. The 
difference from the pre to post concept map shows a narrowing in the understanding 
of early literacy learning. Jan’s increase of TT quite possibly is the result of exposure 
to resources that target the terms she is now using.  
 
 
75 
 
Figure 4.5  
Jan’s Post Concept Map 
 
The G1 group were very similar to each other in their use of terms (range 11-
19) and number of levels (range 4-13) in the creation of their concept maps (Table 4.6, 
Table 4.7). As a group, they were more likely to include TT and use levels than the 
GK group. The average use of TT by the G1 teachers was 15 and the use of levels was 
9 whereas the GK teacher average use was 12 and 5.5 respectively. Overall, there was 
more consistency with concept maps created by the G1 teachers than there was with 
the GK teachers. Illustration 4.6 represents Mara’s concept map from the G1 group. It 
is typical of the other three concept maps produced in use of numerous terms and 
levels. Note that none of the teachers used MTT.  
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Figure 4.6 
Mara Post-Concept Map 
 
 
Overall, the differences in the GK pre-intervention concept maps and the post-
intervention concept maps demonstrate an increase in teacher early literacy subject 
matter knowledge. This was identified through a decrease in NTT, a decrease in the IT 
indicating a move from pedagogical knowledge to subject matter knowledge, and an 
increase in TT. The G1 teachers as a group demonstrated lower use of NTT and MTT 
and more use of TT both by average and as multi-leveled response.    
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Interviews 
The following is an analysis of individual and focus group interviews through 
the lens of research question one: what is the impact on a teachers’ early literacy 
subject matter knowledge when implementing interval learning pedagogical processes 
developed from research based on-line resources over a four to eight-month period? 
Using the coding approach described in Chapter 3, the two main themes of: a) 
perceived development in teacher early literacy subject matter knowledge; b) 
perceived changes in teaching practice. 
Teacher Early Literacy Subject Matter Knowledge 
Corresponding with the increased use of technical terms in the concept maps 
and teacher knowledge measured through assessment LCRLA, interview data also 
provided evidence that participating teachers perceived their subject matter knowledge 
to have increased. The theme of early literacy subject matter knowledge development 
was found consistently across the data set in individual teacher descriptions of their 
own growth in all but one of the teacher individual interviews and in the group 
interviews for both GK and G1 teachers, though with less detail. However, in all 
personal interviews, reflections on personal growth were brought forward only when 
direct probing questions were used. In no cases did a teacher volunteer “I changed my 
knowledge…”  Only in response to direct prompts such as, ‘can you tell me about how 
your knowledge in early literacy was impacted” (Kierstead, Personal Interviews) did 
teachers provide responses.  Following the direct prompt on changes in early literacy 
knowledge teachers in the personal interviews were most likely to respond with 
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examples of early literacy subject matter knowledge. For instance, Lumiya explained a 
change in her understanding: 
I really just thought of it like letters, so letter recognition with the letter sounds, 
but there is so much more to it like rhyming, and syllables, onset and rhyme, 
blending (Lumiya — Individual Post Interview).  
Lumiya’s voice about her own growth was a consistent theme for the GK teachers. 
Sabine mentions that she is “more comfortable with the terminologies that are used” 
(Personal Interview) is representative of comments from the GK teachers.  The notion 
of ‘comfort’ comes up five times in the transcripts from four different teachers 
representing both GK and G1. Sana credits her growth in knowledge in making 
different instructional choices, commenting that she is “adding more of the smaller 
elements that I think beforehand I would have assumed they would have happened 
naturally” (Sana, Personal Interview).  
In total there were 19 responses in GK personal interviews that indicated a 
personal gain in knowledge that came from all the teachers except one. Jan, the 
exception, was the only teacher to indicate that her knowledge did not grow. Jan 
indicated that the IL process was having a positive effect on her instruction but she 
‘wouldn’t say that [she] could speak at length about why, besides repetitiveness” (Jan, 
Personal Interview). Jan did, however, identify that changes in teaching practices 
made her more aware of what she didn’t know, “I feel like there’s certain things that I 
was doing in the first three years of my kindergarten teaching that I didn’t really 
necessarily understand” (Jan, Personal Interview). However, Jan also indicated that 
she had switched to completely using a scripted program and not distilling information 
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from the online resources. She mentions that the scripted resource is “so much easier 
for me than going to look for it…much more helpful and I just have to flip the next 
page and keep it moving forward” (Jan, GK group interview). This indication from Jan 
was that she did have a practice change that she felt was effective but does not 
understand why. Jan’s was the one lone comment that indicated a perception of no 
gain in knowledge or perhaps not being able to articulate it. Overall, though GK 
participants only discussed changes in knowledge when individually pressed to do so, 
their responses conveyed a shared perception of becoming more familiar with early 
literacy subject matter content in ways that influenced their instruction and the what 
and why of their instructional planning.   
Practice change: Intervals and student learning  
While direct reflection on personal knowledge was difficult to elicit, teachers’ 
reflections on interval learning through examination of students’ responses was not 
only more prevalent but also represented strongly in both the group and individual 
interviews as a natural part of the dialogue. Teachers comments that indicate their own 
professional growth were often phrased though comments about student performance. 
Comments reflecting growth through student performance specifically were identified 
44 times whereas specific direct comments addressing personal knowledge growth 
occurred 18 times after explicit prompting.  Overall, teachers were more likely to 
describe growth in their subject matter knowledge within the context of discussions of 
student observation and performance.  
When asked about subject matter knowledge or about changes in practices, 
teachers frequently responded by discussing their students. For instance, Aayla talked 
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about the nervousness of implementing what she had learned about the interval 
approach being eased by student responses. She felt “really intimidated at first” but 
was relieved when she “found that it was super successful, and I had huge buy in.” 
Aayla nervousness regarding the IL instruction was framed in how students might 
react to it. Her relief was found when her students were engaged in the process.   Leia 
from the G1 group adds further to this notion of reflecting on growth through student 
learning. She reflects that due to her improved understanding of early literacy subject 
matter knowledge some of her “green kids” (‘green kids’ being those that are seen as 
typically developing) who would not have been on her “radar” for needing support 
were now being identified for additional instruction. In the following interaction 
among the G1 teachers there is a suggestion that once again there is an improvement 
in teacher subject matter knowledge seen through the lens of student performance that 
is impacting their pedagogical practices. The dialogue shows growth in understanding 
that sight words may not be the best measure of early literacy skills. The dialogue 
follows on Leia’s comment above where she is better able to identify students who are 
struggling. 
Mara: Some of those little guys that present very strong 
Leia: They know all their sight words, they know everything 
Mara: But when you got down to the nitty gritty of it – 
Leia: They actually couldn’t break words apart, couldn’t decode 
new words because they were memorizing everything. 
Jaina: That was my stronger kids too, that’s where I found lots of 
cracks in there.   (G1, Post Interview) 
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This dialogue shows a new awareness of students who are perhaps using 
compensatory strategies (memorizing sight words) to mask underdeveloped early 
literacy knowledge and skills in phonemic and/or phonological awareness. Teachers 
are also recognizing that the use of sight words as an evaluation measure of student 
literacy is at best incomplete and at worst inappropriate in that sight words do not 
inform on a student’s decoding ability. There is growth with the teachers in 
understanding what student skills are necessary to build good readers.  Eventually, 
before moving onto the next question, Leia summarizes that the teachers are “being 
more particular about what [they are] teaching” (Leia, Personal Interview) indicating 
they have new tools for being more discerning when teaching students.  
There were several references to changes in practice that teachers asserted 
were brought about due to the introduction of IL. One theme was centered on the 
frequent short lessons. Aayla commented that she thought “doing it periodically over 
the day and reviewing it…they’re picking it up a lot faster” (Aayla, Personal 
Interview). Aayla’s comment points out that she is noticing student improvement 
anecdotally in comparison to previous experiences. Lumiya expands on the notion of 
the lesson structure through her comment “it helped my practice in keeping those 
lessons short timeframe and frequently throughout the day.” (Lumiya, Personal 
Interview) Lumiya in contrast to other teachers commented that IL has encouraged 
changes with her practice instead of student learning. In all, the GK teachers reference 
the short frequent lessons as an improvement referring to the positive effects on 
children and/or their instruction 23 times.  
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Not all teacher participants described appreciation for the short frequent 
lessons.  Three of the GK teachers found it difficult to fit all three lessons in the day 
and two teachers found it difficult to keep the lesson brief. For the six teachers who 
found the structure useful, they all made a comment that it was a practice they would 
continue.  
 
Practice Change: Planning 
Teachers found the IL process to influence their instructional planning due to a 
realization that there was more depth to literacy learning than they had previously 
understood. Sana when talking about onset/rime instruction realized that she “didn’t 
go into it as in depth” in previous years as she would now (Sana, Personal Interview). 
Lumiya adds to this idea of change in emphasis when she mentions that “it makes way 
more sense to do like front load those basic skills” (Lumiya, Personal Interview) in 
reference to scope and sequence. In reflection Sana indicates that “I think I’m getting a 
better base with my literacy just because I’m adding all those small components that 
I’ve may have overlooked in previous years.” (Sana, Personal Interview) In all, six of 
the eight GK teachers refer to improved knowledge of the ‘smaller elements’ of 
literacy learning and have changed their practice. The smaller elements referred to by 
the teachers are foundational components of early literacy learning.  
Building on the theme of teacher subject matter knowledge influencing 
instructional planning, Ania comments that “It's not haphazard, it's a science. It's like, 
if you understand the parts of the equation that you need to put in place and you 
deliver that to the students.” (GK Post Group Interview) There is a theme of 
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understanding  early literacy subject matter knowledge has a scope and sequence that 
is important in informing instruction and learning. Lumiya illustrates this point in her 
own development with her comment that “it made me realize all the little components 
that are part of phonological awareness before you even kind of get to the letter 
sounds. Like rhyming is an obvious one, that one I remembered, but things like 
syllables I would've never really thought to do in kindergarten right off the bat” 
(Personal Interview). The ‘science’ and ‘components’ of early literacy suggest a 
building of literacy skills in pre-determined incremental steps. Comments about 
building strong phonemic awareness, or sound awareness and manipulation, before 
skills like letter sound correspondence or print are evident from both the GK and G1 
teachers. Ania, in reflecting about what she has come to realize about the process of 
learning to read informs that  “the whole auditory component in terms of building 
them into voracious readers begins with hearing the sound” (Ania, Individual 
Interview) Indeed, several comments add to this notion as teachers refer to “building 
the bricks in a wall” (Hera, Individual Interview), or as we see in the realization from 
Sana that she is more aware of the process of learning to read and the need for implicit 
instruction. 
I'm finding I'm adding more of the smaller elements that I think beforehand I 
would have assumed that would just naturally happen, but they obviously they 
need to be explicitly taught. So, for me, I think I'm getting a better base with 
my literacy just because I'm adding all those small components that I've may 
have overlooked in previous years or just kind of thought were integrated 
naturally. (Sana, Individual Interview) 
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9 of the 13 teachers commented directly about a change in their instructional 
planning of children due to new knowledge as a result involvement in IL. This can be 
seen when Jan highlights that she was relating how she sequences lessons with an eye 
on student engagement:  
what I do is I pick like on that Monday, Tuesday, Wednesday, Thursday, 
Friday, I usually kind of just, it's like I'm making a quilt pattern. So, I’ve 
picked the segmenting or the first sound frequency on Tuesday, I don't pick 
that one, because we've done it and then I pick it again on Wednesday. And 
then I just try and hit as many as I can before everyone starts to get too 
distracted.   (Jan, Individual Post Interview) 
More direct to the point that instruction changed due to participation in this project, 
Leia, a G1 teacher, comments that because of her participation in the project she is 
constantly questioning what she is doing and what resources she is using. Her 
comment wondering if her instruction “is this helpful for kids?...because of the project 
and I’m thinking, well why am I even doing that? That makes no sense…being better 
about picking and choosing exactly what I am going to teach” (Leia, G1 Post 
Interview). Jaina adds to a conversation about being more aware of how students are 
performing and adjusting her instruction due to this understanding as she comments on 
“having the ability to figure out exactly where they’re having the struggles and the 
resources to be able to help them” (Jaina, G1 Group Interview). Overall, there was a 
sense that teachers felt they were better able to not only gauge student abilities but had 
confidence that they could address their instruction to the benefit of the students. 
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Through the interviews it is apparent that teacher’s early literacy subject matter 
knowledge has increased in the areas of planning, assessment and student engagement. 
Though this did not show without guiding questions on the topic it is triangulated with 
analysis of the concept maps and the LCRLA results.  
 Research Question Two 
The second research question addresses what relationships, if any, there were 
between, among, teacher early literacy subject matter knowledge, interval learning as 
an instructional process, and student learning. Research question two used student 
performance data on the WRAT-4 Word Reading measure (G1) and the TOPA II 
(GK) in conjunction with the LCRLA teacher assessment, and teacher comments from 
the interviews specifically regarding the IL process.  
Kindergarten Student Learning   
GK students were administered a post measure of early literacy skills in order 
to compare their learning with that of teacher early literacy subject matter knowledge. 
The GK population (n=212) was administered the Test of Phonological Awareness II 
(TOPA II), a standardized test that measures student phonological awareness skills 
and letter sound knowledge as a post intervention measure. There was no pretest 
measure administered as the TOPA II is not recommended to be administered to GK 
age children until the halfway point in the year. The scaled scores range from 1-20 
with the following designation for score ranges: 1-3 Very Poor, 4-5 Poor, 6-7 Below 
Average, 8-12 Average, 13-14 Above Average, 15-16 Superior, 17-20 Very Superior. 
The TOPA II marks represent a middle of the year (MOY) measurement of the student 
skills. Overall GK students fell into the below average range on the phonological 
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awareness subtest (n=212, M=7.89, SD=2.94) and in the average range on the letter 
sounds sub-test (n=212, M=8.12, SD=3.10). However, when looking at individual 
schools there were school specific variances. On the phonological subtest, five of the 
classes fell into the average range while the other three fell in the below average 
range.  On the letter sounds subtest, two schools achieved an ‘average’ rating with the 
other six scoring ‘below average’. The author notes that the students at Wayland did 
not have the TOPA II administer to them. Table 4.8 list the descriptive statistics for 
each school.  
Teacher Performance and Student Performance Comparison 
 Table 4.1 recounts teacher performance on the LCRLA. This section will 
address teacher performance in comparison to student performance. The highest result 
on the TOPA was at Codia with a mean score of 11.04 (n=23, SD=2.31).  Sabine, the 
teacher at Codia had a decrease in her LCRLA score from 82% to 79% (a rank of 4th 
out of the 8) though she did improve her phonemic knowledge ability score on the 
sub-test from 33% to 67%. On the pretest self-assessment in the LCRLA (Table 4.9) 
Sabine ranked herself as ‘moderate’ on all eight questions placing her in the average 
range in comparison with her peers. On the posttest Sabine improved her rankings in 
three areas moving them to ‘very-good’ but remained average in comparison to her 
peers. Sabine found the IL process difficult to implement in her half-day GK class due 
to time constraints. She mentions that she did not consistently implement the IL 
lessons, but she did like that the students seemed to recall previous lessons easier as is 
evident in her comment “it just increases their ability to remember things” (Sabine, 
GK Post Group Interview). Overall, Sabine may have had the highest student results 
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but she was average in her self-assessment on both the pre and post LCRLA.  She also 
had a decrease in the overall LCRLA score from pre to posttest but did realize an 
increase in the phonemic knowledge ability subtest.  
The lowest score on the TOPA II phonological awareness were the students at 
Ertegas taught by Korr. The class reported a ‘below average’ rank on both the 
phonological awareness (6.90) and letter sounds (6.47). Korr’s overall results on the 
LCRLA went from 66% to 74% and while her phonemic knowledge increased from 
67% to 100% her phonemic ability skills decreased from 70% to 60%. As a subsection 
of the LCRLA Korr’s self-assessment decreased from the pre to the posttesting. With 
the exception in ranking herself better in teaching ELL students, Korr ranked herself 
lower in three areas moving them from ‘very good’ to ‘moderate’ but remained the 
same in the other four (Table 4.9). Only Ania ranked herself lower than Korr. Korr did 
express frustration with the IL process as she was having difficulties managing the 
whole group instruction. She comments that her class ‘have a lot of trouble with whole 
group activities” and that “in the beginning some of the simplest things were so hard 
to do” (Individual Interview). These frustrations were not echoed by the other teachers 
which could lead to an explanation that Korr had an exceptionally difficult class.  
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Table 4.8 
TOPA II Kindergarten Data 
    
TOPA II 
Phonological 
Awareness 
TOPAII 
Letter Sounds 
School N Mean SD Mean SD 
Crait 37 8.16 3.09 8.51 2.80 
Codia 23 11.04 2.31 9.70 2.40 
Ertegas 19 6.90 2.94 6.47 2.67 
Espirion 32 7.19 2.28 7.44 2.29 
Retta 30 8.10 2.91 7.87 2.62 
Rodia 27 8.00 1.95 7.14 2.54 
Taris 36 8.56 2.79 5.74 2.54 
Wayland 8 7.00 3.30 7.88 2.36 
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Table 4.9 
LCRLA Teacher Self-Assessment Pre and Post intervention 
Teacher 
How 
would 
you rate 
your 
ability to 
teach PA 
How 
would 
you rate 
your 
ability to 
teach 
phonics 
How 
would 
you rate 
your 
ability to 
teach 
fluency 
How 
would 
you rate 
your 
ability to 
teach 
vocab. 
How 
would 
you rate 
your 
ability to 
teach 
comprehe
nsion 
How 
would 
you rate 
your 
ability to 
teach 
children's 
literature 
How 
would 
you rate 
your 
ability to 
teach 
literacy 
skills to 
English 
language 
learners 
(ELLs)? 
How 
would 
you rate 
your 
ability to 
teach 
using 
assessme
nt to 
inform 
reading 
instruct. 
Pre 
Aayla moderate very good moderate very good very good very good moderate very good 
Korr very good very good moderate very good moderate moderate minimal very good 
Hera moderate moderate minimal moderate minimal minimal minimal moderate 
Jan moderate minimal minimal moderate moderate very good minimal minimal 
Nomi very good very good very good very good very good very good very good very good 
Sabine moderate moderate moderate moderate moderate moderate moderate moderate 
Sana very good very good moderate moderate moderate moderate minimal moderate 
Ania moderate moderate minimal very good moderate very good moderate moderate 
Lumiya moderate moderate moderate very good moderate moderate moderate very good 
Post 
Aayla very good very good moderate very good very good very good moderate very good 
Korr moderate moderate moderate moderate moderate moderate moderate very good 
Hera very good moderate moderate very good moderate very good moderate very good 
Jan moderate moderate moderate very good very good very good moderate moderate 
Nomi very good very good very good very good very good very good very good very good 
Sabine very good very good moderate very good moderate moderate moderate moderate 
Sana very good very good minimal very good very good moderate moderate moderate 
Ania moderate moderate minimal moderate moderate very good moderate minimal 
Lumiya moderate moderate moderate very good very good very good moderate moderate 
Leia very good very good very good very good very good very good moderate very good 
Mara very good very good very good moderate very good very good moderate moderate 
Jaina moderate moderate minimal minimal minimal moderate minimal moderate 
Rey very good moderate moderate very good very good very good moderate very good 
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Grade 1 Student Learning 
 Student achievement data was gathered to compare to teacher early literacy 
subject matter to look for any possible relationships. The question is whether possible 
increase in teacher knowledge would impact student performance.  The following 
assessments were used to measure student performance. The Word Reading measure 
subtest of the Wide Range Achievement Test, 4th edition (WRAT-4) was 
administered three times through the year for both the control and intervention classes. 
Student results are reported using a standard score. Equating the WRAT-4 Word 
Readings Abilities standard scores to those used with the TOPA II the following 
would be appropriate 50-63 Very Poor, 64-79 Poor, 80-98 Below Average, 90-110 
Average, 111-119 Above Average, 120-129 Superior, 130-150 Very Superior.  Table 
4.10 displays the descriptive statistics by school and group.  It is expected that all the 
groups would have increased in their word reading abilities over the school year but 
the increases between the two control and experimental group did not significantly 
differ (p>.05). The overall average mean gain difference for the control group which 
started with a BOY of 84.68 standard scale points was 22.14 standard scale points 
while the intervention group which started with 84.94 standard scale points was 24.25 
standard scale points. 
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Table 4.10 
Grade 1 WRAT  
Control Group 
    BOY MOY EOY 
School N M SD M SD M SD 
Eadu 23 93.61 15.03 100.43 12.87 107.48 13.61 
Raxus 15 78.01 13.12 96.13 17.12 107.31 18.03 
Raysho 17 83.59 17.24 99.25 19.58 112.56 14.30 
Wrea 16 83.50 18.07 92.75 15.59 99.92 15.93 
Intervention Group 
Eadu 18 85.78 17.27 93.33 18.98 103.76 18.98 
Raxus 14 85.78 12.38 102.41 11.77 113.07 11.19 
Raysho 15 83.00 9.57 97.81 8.13 117.81 12.28 
Wrea 15 85.20 15.21 94.19 18.62 102.13 18.61 
 
It is of interest that two of the intervention groups on the EOY scored in the 
average range and two of the four classes in the above average range which represents 
a move from below average in the BOY results. Though both the control and 
intervention group had similar average stand score results at the BOY, the intervention 
group outperformed the control group but not significantly. In comparison of teacher 
LCRLA self-assessment results, Jaina from Wrea ranked herself significantly lower 
than her three colleagues ranked themselves. Jaina also had the lowest overall LCRLA 
score of 47%. She also scored the lowest on all the LCRLA sub-tests. Jaina was 
positive about the IL process indicating that she felt it was her students “favorite part 
of the day” (GK Post Group Interview). Jaina did stray from one of the overarching 
tenants of the IL process as she used resources found on a non-researched site called 
Teachers-pay-Teachers. This site allows teachers to purchase from other teachers 
lessons they have developed but the material is not necessarily vetted through a 
research methodology and may lack rigor with the research community.  
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Overall, the intervention and control groups performed similarly though there 
was a slightly larger gain realized by the intervention group. Jaina who scored the 
lowest on all aspect of the LCRLA (test and self-assessment) also had the second 
lowest student EOY scores of both the intervention and control groups.   
Summary 
The two main questions used to guide this research were to investigate the 
impact of interval learning on teachers’ early literacy subject matter knowledge and to 
investigate if there were any relationships between, among, as a result of interval 
learning on teachers’ early literacy subject matter knowledge, interval learning as an 
instruction process, and student early literacy development. The study had two groups 
comprised. The first group was made up of four Garde 1 intervention teachers and four 
G1 control teachers. This group ran for a ten-month period over the length of a school 
year. The second group was comprised of nine GK teachers, all of whom undertook 
the intervention. The GK teacher group ran for four months.  
The first question regarding the impact of interval learning on teacher early 
literacy content knowledge was addressed through small group and individual focused 
interview, the administration of the LCRLA measuring teacher knowledge and 
perception of abilities, and the analysis of teacher created concept maps. Overall, there 
is an indication that teacher early literacy subject matter knowledge did increase as a 
result of the interval learning process. A comparison of GK pre and post concept maps 
gave evidence that teacher’s understanding and use of early literacy terms increased. 
Teachers were less likely to include non-technical terms and expanded their 
presentation of phonological awareness terms in both frequency and complexity. 
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Further, GK teachers generally scored better on the post administration of the LCRLA 
than on the pre administration. This would include teacher self-evaluation. The 
increase in subject matter knowledge for the GK teachers was significant on overall 
test results on the LCRLA. It is evident that teachers are more cognizant of early 
literacy subject matter knowledge when engaged in planning and pedagogical 
practices. Generally, teachers reported that they are more aware of the more specific 
aspect of early literacy instruction refining the broader understandings they had before 
engagement in the interval learning process.  
The second research question of relationships between, among, the interval 
learning process, student learning and teacher early literacy subject matter knowledge 
develop is less clear. Relationships between student performance, teacher professional 
experience, teacher self-ratings, and teacher scores on the LCRLA could not be 
reliably assessed. Given the sample size of teachers, it is unclear if there is or is not a 
relationship. Students made equivalent gains in both control and intervention groups. 
Teachers with higher LCRLA marks had classes that performed lower than others. 
Also, teacher self-perception had little forecasting on either student performance or 
teacher performance.  
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Chapter Five: Discussion 
This research project was designed to investigate the impact of implementing 
interval learning (IL) with GK and G1 teachers on their early literacy subject matter 
knowledge. The framework grounding this research is an adaptation of Shulman’s 
1986 Pedagogical Content Knowledge by Ball, Thames, and Phelps (2008). The 
revised framework divides teacher professional knowledge into the two general areas 
of Subject Matter Knowledge (SMK) and Pedagogical Content Knowledge (PCK). It 
is the integration of SMK with SVR as the key knowledge base used in this study. An 
aspect of SMK is understanding the technical terms within a deep understanding of the 
subject matter. PCK involves the application of SMK in the development of 
pedagogical practices to assist student development. SMK is the what of teaching 
whereas PCK is the how.  
There is a significant body of research that indicates there is a general under-
development of teacher early literacy subject matter knowledge (Brady, Gillies, Smith, 
Lavallett, et al. 2009, Moats, 2014; Molfese, 2016, Greenberg, McKee, & Walsh, 
2013). Yet, there is also significant research that indicates the critical time for five and 
six-year-olds in the development of early literacy abilities (National Reading Panel, 
2000; Snow, Burns, & Griffin, 1998). Success or failure for young children to develop 
the foundations of early literacy is predictive of future academic success (Stainthorp & 
Hughes, 2004).  Therein lies the significance of this study. Improving teacher early 
literacy subject matter knowledge may improve teacher pedagogical practices and in 
so doing provide children with a solid foundation of early literacy skills at a critical 
time in their development.  
95 
 
There were two groups involved in this research. The first was a group of G1 
teacher comprised of four intervention teachers and four control teachers. The G1 
project was implemented over a ten-month school year and served as a concept trial. 
Teacher were administered the Survey of Language Constructs Related to Literacy 
Acquisition (LCRLA) by Binks-Cantrell, Washburn, Joshi, and Hougen (2012) at the 
end of the four months. G1 teachers also participated in a post group semi-structured 
interview and were asked to develop concept maps on early literacy learning. Students 
were administered the WRAT-4 Word Reading test three times over the 10-month 
period.  
The second group was comprised of nine GK teachers all of whom undertook 
the intervention. The time frame for this group was condensed to a 4-month period. 
However, teacher participated in pre and post group semi-structured interviews and 
post individual semi-structured interviews. Teachers also developed pre and post 
concept maps related to early literacy learning and were administered pre and post 
LCRLA surveys. Students were administered a post survey titled Test of Phonological 
Awareness II (TOPA II).  
Both groups participated in pre-training where they were exposed to websites 
that contained research supported instructional activities for early literacy. The overall 
project was described with examples of IL lessons derived from the on-line resources. 
Teachers were also presented with the student survey tools with guidance on the 
administration for students. In this study, the Interval learning approach functions such 
that teachers distill research proven early literacy instruction found on credible 
websites such as the Florida Center for Reading Research and Reading Rockets into 
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ten-minute lessons taught three times daily. Applying the conceptual framework, the 
anticipated impact of teachers distilling high quality materials into short lessons 
(pedagogical content knowledge) was that they would be exposed to and develop both 
a wider technical term vocabulary and a deeper understanding of early literacy 
development (subject matter knowledge) which in turn would influence their 
pedagogical practices. Previous research has focused on content knowledge to 
pedagogy relationship. However, one of the questions being explored is whether the 
pedagogy can, in a supported professional development experience, also be a way of 
building content knowledge. This possible relationship was explored through the two 
main research questions investigating the possibility of increased early literacy subject 
matter knowledge through the IL intervention and the effect, if any, on student 
learning.  
LCRLA, Concept Maps, and Interviews 
 Research question one was what is the impact on a teacher’s early literacy 
subject matter knowledge when implementing interval learning pedagogical processes 
developed from research-based on-line resources over a four to eight-month period? 
The data gathered to address this question was the creation of concept maps, the 
administration of the LCRLA, and interviews.  
Survey of Language Constructs Related to Literacy Acquisition 
The LCRLA, developed by Binks-Catrell, Washburn, Joshi, & Hougen (2012), 
gathered information in three main areas: 1) demographic information on years of 
teaching, years of teaching at the current grade level, and post-secondary education, 2) 
teacher self-assessment of early literacy instruction, and 3) a test of early literacy 
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knowledge and ability. The GK pretest and posttest indicated overall assessment 
growth (t(7) = -3.12, p < .017) with six of the teachers improving from pretest to 
posttest, one stayed the same, and one decreased their score slightly. Teacher growth 
on the LCRLA did not show a relationship with years of experience, years of 
experience at current grade level, self-perception of literacy ability, or level of post-
secondary education. This would support the findings of many studies (Wasbum, 
Malatesha, & Binks-Cantrell, 2011; Cunningham, Zibulsky, Callahan, 2009; Fielding-
Barnsley, 2010; Binks-Cantrell, Washburn, MalateshaJoshi, & Hougen, 2012; Moats 
& Foorman, 2003; Piasta, Park, Farley, Justice & O'Connell, 2019) that found years of 
teacher experience does not increase teacher early literacy subject matter knowledge. 
This suggests that the variables of education and experience may not be shaping the 
overall increase in the LCRLA score. Evidence suggests that interval learning may be 
positively influencing teacher growth in early literacy subject matter knowledge 
regardless of levels of education or experience. GK teacher post performance on the 
subtest of the LCRLA were approaching similar scores displayed by the G1 teachers. 
Perhaps if the GK teachers participated past the four months to the ten months 
experienced by the G1 teachers there would be a further convergence of scores. This 
brings into question the potential benefits of long-term implementation of IL.  As was 
evident through the growth in teacher self-evaluation of ability in early literacy, the IL 
process potentially has an impact on teacher’s beliefs about their ability which 
supports Guskey’s (1986) work that the role of teacher self-belief as an important 
aspect of teacher development. Understanding that teacher growth of early literacy 
subject matter knowledge can be positively impacted by the IL process regardless of 
98 
 
teacher experience or education has implications in teacher development in that it has 
potential for a wide range of teachers.  
Concept Maps 
Concept maps were used to provide teachers another way to demonstrate their 
early childhood subject matter knowledge. The teachers were provided with the center 
idea of “Early Literacy Learning” and asked to expand using their professional 
understanding of the topic. The focus for analysis of the concept maps was the teacher 
use of technical terms related to early literacy. GK teachers overall saw an increase of 
technical terms (25.4% - 56.6%) as measured against total terms use. GK teacher use 
of technical terms approached those of the pilot G1 group (60.8%). Also, of note is the 
decrease in non-technical terms for the GK teachers (41.8% -18.9%). With the 
increase in the use of technical terms and a decrease in the use of non-technical terms, 
the GK post-concept maps are more in line with the focus of professional early 
literacy subject matter knowledge rather than with broad concepts of literacy. 
Additionally, the increase in the use of levels (or branch extensions) lends to the 
notion that teachers were developing a more sophisticate classification of the various 
components of early literacy. Though the use of levels in creation of concept maps 
was not universal for the GK teachers, the G1 teachers were as a group very similar 
and would represent an advanced representation of GK concept maps. Perhaps the 
longer duration for the G1 teachers had a more significant impact on their 
understanding of the subject.  
As the LCRLA indicated a general growth in teacher early literacy knowledge 
so too did the concept maps. Within the IL process, teachers were exposed to early 
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literacy technical knowledge which encourage their own understandings of early 
literacy. Teachers demonstrated this growth in the representation of concept maps, 
perhaps equally of importance is the notion that their beliefs about early literacy 
underwent change. Teachers’ reduction in the use of non-technical terms and the 
increase of technical terms could indicate that their belief about how early literacy 
learning happens and their role in the process is more closely mirroring what the 
research community has found as best practice.   
Interviews 
GK teachers took part in pre and post semi-structured group interviews and 
post semi structured individual interviews. Consistent with the LCRLA and concept 
maps, an analysis of the interviews suggest that GK teachers perceive that their early 
literacy subject matter knowledge increased over the course of the intervention. There 
was a propensity for GK teachers to address personal improvement in a first-person 
voice only when directly asked to do so and, even then, primarily in the personal 
interviews. The IL process was designed as an individual pursuit without 
consideration of the apparent personal nature of teacher growth. Perhaps the design of 
the project involving the LCRLA and concept maps had teachers realize possible short 
comings in their own professional knowledge that was reflected in a hesitance to 
discuss in a group setting and only when prompted in the individual interviews. Future 
work on IL should consider this relationship between teacher growth and teacher 
perceived professional vulnerability. When reflecting on growth in group interviews, 
teachers were most likely to voice changes in pedagogical practices or through a lens 
of student engagement and achievement. 
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The teacher theme of reflecting on content knowledge through the lens of 
pedagogical practices supports Shulman’s work in that teaching requires subject 
matter knowledge to proceed pedagogical knowledge as one informs the other. The 
concept of practice as action versus purposeful action is important. The implication is 
that there is more to teaching than the delivery of programs void of teacher 
knowledge, there is the development and understanding of those programs that relies 
on teacher knowledge. There is value to all students in the classroom in having 
teachers purposefully engaged in the development, delivery, and assessment of 
programs. The value is found in the response to young students who falter in their 
learning and having a knowledgeable teacher there to support them. The experience of 
IL did improve teacher subject matter knowledge through the distillation of research 
based resources into small lessons which led teacher to conceptualize the underlying 
principles of the research and translate that knowledge into a pedagogical process for 
student learning. In that process, teacher belief about early literacy changed as a result 
of reflection on their own practices impact on students.  
The reflection by a teacher on their own practice through impact on students 
builds upon the emergent theme of teacher belief found in the LCRLA and concept 
maps. In broad terms the impact on a teacher’s knowledge in the IL process starts with 
the personal development of subject matter knowledge, moves to the application of 
that knowledge, then observation of the impact on students, and finally a change in 
belief. It is this final step found in a change in belief that moves the teacher back to the 
first step of knowledge development in a recursive cycle. Should the teacher not find 
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value through the performance of students, there may be no support for teacher belief 
in the process which may threaten the IL cycle.  
Student Performance, IL, and Teacher Knowledge 
The second research question looked at what relationships, if any, there were 
between, among, teacher early literacy subject matter knowledge, interval learning as 
an instructional process, and student learning. The primary analysis of research 
question two involved the use of student performance data and LCRLA results.  
Teacher and Student Performance Comparison  
Although there were positive changes in teacher performance, the size of the sample 
made it difficult to establish whether there were relationships between teacher early 
subject matter knowledge, interval learning as an instruction process, and student 
learning. Students in the GK group on average tested in the average range on the 
phonological awareness subtest of the TOPA II at the end of the project. However, 
three of the eight schools had a below average in phonological awareness. On the 
letter sounds subtest students performed less well with only two of the eight schools in 
the average range. The rest were in the below average range. Lower performance on 
the letter sounds subtest, which is a predictive assessment of future reading 
achievement, showed no relationship with the overall gains on the LCRLA by 
teachers. Teachers who scored the highest on the LCRLA did not have the highest 
performing classes on the TOPA II. Likewise, the lowest performing teacher on the 
LCRLA did not have the lowest performing class on the TPOA II. These observations 
might lead one to suspect that there were no evident relationships between student 
performance and teacher scores on the LCRLA. It is worth noting that no relationships 
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were found but that also there were not disproven. There may have been issue with 
statistical reliability due to the low number of teachers, the choice of instruments, and 
the length of implementation.  
The concept maps, which did indicate an overall growth amongst the GK 
teachers in the use of technical terms, also bore little relationship to student 
performance. Teacher growth evident by the changes in the creation of concept maps 
centered on the use of technical terms in both frequency and depth in that the technical 
terms focused on hierarchical concepts in early literacy. Teachers with the most 
evident growth in technical terms did not have students with the highest results and 
vise-versa. Teachers who commented positively about the IL process and intended to 
carry on with it past the project also displayed no associated improvement in student 
results. Teacher GK experience and level of education also was not predictive of 
student performance. Overall, the GK group showed no relationship, positive or 
negative, between their early literacy subject matter knowledge, the use of IL as an 
instructional process, or student learning.  
The G1 teacher group had the addition of a control group and a longer 
duration. However, unlike the GK group all classes in the G1 group increased from 
low average to average or above when tested on the WRAT-4 Word Reading survey. 
The control and intervention group had similar gains from the beginning of the year to 
mid-year, but the Intervention group had higher gains from the mid-point to the end of 
the year yet lack a significance (p>.05) on an independent samples t-test. Like GK, G1 
showed no relationship with teacher education, experience, LCRLA results, and 
concept map use of technical terms.  
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There appears to be a connection of this study to more recent research that 
finds growth in teacher subject matter knowledge but not in student achievement 
(Buysse et al., 2010; Piasta et al., 2020; Yoshikawa et al., 2015).  It is recognized that 
the implementation of IL was not a highly controlled undertaking which may have 
resulted in a lack of fidelity which could have impacted potential outcomes. Time 
restraints may also have been a limiting factor. Perhaps different results would have 
been realized over a two to three year implementation identifying a possible lag in the 
development of teacher knowledge and student performance. There are models of 
teacher development such as the Concerns Based Adoption Model (Hord, Rutherford, 
Huling, and Hall, 2008) which suggests two to three years for full control of new 
knowledge and practices.  
Revised Conceptual Framework for Interval Learning 
Findings of this study support the use of interval learning as a professional 
development model which uses teachers’ relative strength in pedagogy to inform 
subject matter knowledge. The original conceptual framework has been adjusted to 
include findings that relate to teacher beliefs (Figure 5.1). The conceptual framework 
begins on the left with teachers having access to research and instructional 
programming on a topic, in this case, early literacy. Teacher take this information and 
distill contents down to a single short lesson offered several times in a day. The 
process of distilling information into a short lesson understood through pedagogical 
practices requires the teacher to develop deeper understandings of the subject matter in 
order to focus on the critical aspects of the early literacy learning process that are 
pivotal to the short lesson. The frequency of the lesson delivery exposes the teacher to 
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numerous opportunities to assess the impact of the lesson on the student. From these 
observations, it is anticipated that the teacher will find student success derived from 
the research community informing their practice and in so doing have a change in 
beliefs. Changes in belief would include a view about themselves as a professional 
teacher in the planning and delivery of early literacy learning, a change in the role 
research on early literacy might have in guiding their planning, and a change in their 
beliefs generally regarding student learning of early literacy.  The recursive nature of 
the framework is in part supported to the availability of resources and that the lesson is 
short and delivered multiple times in a day.   
Figure 5.1  
Interval Learning Conceptual Framework Revised 
 
Implication for Research 
There is an opportunity in future research to investigate the duration of IL as a 
teaching practice and the impact on student learning. There remains a question about 
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how long IL would be implemented before, or if, it had an impact on student learning, 
Finally, teacher beliefs about early literacy is an area that warrants further 
development  as part of the triad of teacher knowledge, belief, and pedagogy. Guskey 
(1986) argues that when teachers alter their practices, they look for a change in student 
outcomes before they change their beliefs. During the implementation of IL what is 
the interplay between student performance and teacher beliefs about early literacy 
learning?  
Shulman’s (1987) conceptual framework of teacher professional knowledge 
suggests that subject matter knowledge proceeds the implementation of pedagogical 
knowledge. This study investigated whether this process of knowledge to pedagogy 
could be an interactive and recursive process. The implication would be that the 
development of teacher knowledge progresses in relationship with pedagogy rather 
than being a translation of content knowledge into pedagogy. 
This study is, therefore, more reflective of a pilot study in the effectiveness of 
IL as a professional development model.  Further research that expands upon the 
methodology on a large scale implementation would provide further understandings. 
Foundational to the study was the mixed methods design in that neither quantitative 
nor qualitative inquiry provide sufficient information on their own. Further research 
would keep the pre/post use of concept maps, LCRLA testing, interviews (both group 
and individual), and student performance data (re-evaluate ones used). In reflecting on 
teacher implementation of the IL process over a longer timeframe, there would be a 
benefit for researchers to maintain a sense of fidelity through regular observation and 
teacher contact.  
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Based on the experiences of this study, it is suggested that future research into 
IL include the following considerations in design. The use of a pre/post beliefs survey 
instrument would inform the role that Guskey (1986) finds a teacher’s beliefs has in 
their development. Sample size of the study should be expanded to allow for statistical 
power of populations and allow for testing of relationships. A longitudinal study over 
a minimum of three years to allow for a complete implementation and effects over 
time. Purposive sampling of a broad range of teaching experience would allow for 
further insight on a more granular representation of teacher experience. There also 
exists the opportunity to expand the use of IL past looking at early literacy to 
investigate potential across subjects.  
Implications for Teacher Education  
Preservice teachers are often exposed to early literacy subject matter 
knowledge through classes that are primarily based on lecture style lesson delivery 
perhaps with reflective or knowledge recall activities assigned. Interval learning 
supports the idea that outside of the practical application of specialized content 
knowledge where one finds purpose and reflection in student performance, there is 
less of a likelihood that individual beliefs about early learning will be challenged, 
affirmed, or changed. Without this process, the reciprocal development of knowledge 
and pedagogy will be limited. Preservice teachers would benefit from explicit 
exposure to research and knowledge as well as opportunities for purposefully guide 
implementation lessons in practical settings.  
Practicing teacher education in early learning has also been informed through 
the application of IL. Unlike preservice teachers those already in teaching positions 
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have the benefit of a continuously developing pedagogical repertoire much of which 
bridges curricular subject areas. This relative strength in comparison to subject matter 
knowledge can be leveraged within the IL framework to support teacher development 
within early literacy and perhaps other subjects where there is a defined subject matter 
knowledge base. The key to understanding the utility of IL is found in the daily 
application. It is when the teacher goes through the cycle of learning, application, 
assessment, and reflection that changes occur.   
Limitations of the Study 
Time was a limitation for this research in multiple ways. First, the G1 pilot 
process couldn’t be incorporated in the data gathering from the outset. Second, it is 
known that implementation and knowledge development can take years. This study is 
allowing a glimpse at initial engagement only, not a full picture. Whereas the G1 
group had a ten-month period the GK group was only exposed to the intervention for 
four months, due to time allotment for data gathering in this program design.  
Additionally, there were limits on the amount of data that was collected that a longer 
timeframe might have allowed for year-to-year comparisons allowing for the statistical 
control of other variables. Though the selection of the TOPA II and WRAT-4 Reading 
assessments were supported in the research community as being valid and reliable 
instruments it is possible that they were not well aligned to the focus of the IL 
intervention. The instruments, focused on phonological and phonemic awareness but 
not at a granular level. Perhaps teachers focused on smaller components of early 
literacy development that were missed using the TOPA II and WRAT-4 Reading 
Abilities Survey.  
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My involvement in the study is also a limitation in that I am new to educational 
research and mistakes in design were made along the way. If I were to do the project 
again, I would do things differently. 
Conclusion 
Upon final reflection of this study I take away the following points. First and 
foremost is the interplay between content knowledge and pedagogical knowledge. 
Research suggests that early literacy subject matter knowledge is a precursor to the 
development of pedagogical practices. It is suggested that one must start with the what 
before considering the how. However, it appears that this is a simplistic view of 
teacher early literacy development. This study has suggested that teachers have a 
reciprocal relationship between subject matter knowledge and pedagogical knowledge. 
This changes the notion of teaching from a linear process to a recursive one. With this 
observation, however, there still seems to be a missing piece that centers on teacher 
perception of student performance. It is the student performance piece that perhaps is 
the fuel of the specific content knowledge/ pedagogical knowledge engine.  
It was unexpected that teacher education levels and years of experience seemed 
to matter little with regards to subject matter knowledge. Less surprising and 
galvanizing for the call of teacher development was that the body of current research 
that indicates a low level of teacher early literacy subject matter was supported in this 
study. This suggests that current models of professional development are somewhat 
ineffective. However, the IL process holds promise in offering a new model of teacher 
learning. Key to this is that IL is a job-imbedded process that is primarily self-
actualized through teacher engagement. It provides teachers with learning 
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opportunities that they deem relevant to their personal instruction needs in the day-to-
day needs of their students. It also supports the notion of a professional relationship 
with others whether that be a mentor, coach, or trusted colleague to enhance reflection. 
The study provided brief lecture style training for teachers and opportunities for 
teacher to engage with each other. These aspects supported the IL process allowing 
teachers to celebrate, bemoan, and question aspects of their teaching with others in a 
supportive and constructive manner.   
I still believe that early literacy instruction for children is vital and that there is 
significant improvement needed in the teaching profession to address the needs of 
children. Though this project was focused on early literacy subject matter knowledge 
development with teachers, perhaps the more significant reflection is with the IL process 
itself and the potential it holds for a wider scope of teacher practice. 
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Appendix A: Survey of Language Constructs of Language Acquisition 
Please complete the following questions.  
1. How would you rate your ability to teach phonemic awareness? 
a. minimal  
b. moderate  
c. very good  
d. expert 
2. How would you rate your ability to teach phonics? 
a. minimal  
b. moderate  
c. very good  
d. expert 
3. How would you rate your ability to teach fluency? 
a. minimal  
b. moderate  
c. very good  
d. expert 
4. How would you rate your ability to teach vocabulary? 
a. minimal  
b. moderate  
c. very good  
d. expert 
5. How would you rate your ability to teach comprehension? 
a. minimal  
b. moderate  
c. very good  
d. expert 
6. How would you rate your ability to teach children’s literature? 
a. minimal  
b. moderate  
c. very good  
d. expert 
7. How would you rate your ability to teach literacy skills to English language 
learners (ELLs)? 
a. minimal  
b. moderate  
c. very good  
d. expert 
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8. How would you rate your ability to teach using assessment to inform reading 
instruction? 
a. minimal  
b. b. moderate  
c. c. very good  
d. d. expert 
9. A phoneme refers to 
a. a single letter  
b. a single speech sound  
c. a single unit of meaning  
d. a grapheme  
e. no idea 
10. If tife is a word, the letter “i” would probably sound like the “i” in: 
a. if  
b. beautiful  
c. find  
d. ceiling  
e. sing  
f. no idea 
11. A combination of two or three consonants pronounced so that each letter keeps 
its own identity is called: 
a. silent consonant  
b. consonant digraph  
c. diphthong  
d. consonant blend  
e. no idea  
12. How many speech sounds are in the following words? For example, the word 
“cat” has 3 speech sounds ‘k’-‘a’-‘t.’ Speech sounds do not necessarily equal 
the number of letters. 
a. box 
b. grass 
c. ship 
d. moon 
e. brush 
f. knee 
g. through 
13. What type of task would the following be? “Say the word ‘cat.’ Now say the 
word without the /k/ sound.” 
a. Blending 
b.  rhyming  
c. segmentation  
d. deletion  
e. no idea 
14. A soft c is in the word: 
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a. Chicago  
b. cat  
c. chair  
d. city  
e. none of the above 
f. no idea  
15. Identify the pair of words that begins with the same sound: 
a. joke-goat  
b. chef-shoe  
c. quiet-giant  
d. chip-chemist 
e. no idea 
(The next 2 items involve saying a word and then reversing the order of the sounds. 
For example, the word “back” would be “cab.”) 
16. If you say the word, and then reverse the order of the sounds, ice would be: 
a. easy  
b. sea  
c. size  
d. sigh  
e. no idea 
17. If you say the word, and then reverse the order of the sounds, enough would be: 
a. fun  
b. phone  
c. funny  
d. one  
e. no idea 
18. All of the following nonsense words have a silent letter, except: 
a. bamb  
b. wrin  
c. shipe  
d. knam  
e. phop  
f. no idea 
19. For each of the words on the left, determine the number of syllables and the 
number of morphemes. (Please be sure to give both the number of syllables and 
the number of morphemes, even though it may be the same number.) 
# of syllables # of morphemes 
a. disassemble 
b. heaven 
c. observer 
d. spinster 
e. pedestal 
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f. frogs 
g. teacher 
20. Which of the following words has an example of a final stable syllable? 
a. wave  
b. bacon  
c. paddle  
d. napkin  
e. none of the above  
f. no idea 
21. Which of the following words has 2 closed syllables? 
a. wave  
b. bacon  
c. paddle  
d. napkin  
e. none of the above  
f. no idea 
22. Which of the following words contains an open syllable? 
a. wave  
b. bacon  
c. paddle  
d. napkin  
e. none of the above  
f. no idea 
23. Phonological awareness is: 
a. the ability to use letter-sound correspondences to decode. 
b. the understanding of how spoken language is broken down and manipulated. 
c. a teaching method for decoding skills. 
d. the same as phonics. 
e. no idea 
24. Phonemic awareness is: 
a. the same as phonological awareness. 
b. the understanding of how letters and sounds are put together to form words. 
c. the ability to break down and manipulate the individual sounds in spoken 
language. 
d. the ability to use sound-symbol correspondences to spell new words. 
e. no idea 
25. Morphemic analysis is: 
a. an instructional approach that involves evaluation of meaning based on 
multiple senses 
b. an understanding of the meaning of letters and their sounds 
c. studying the structure, functions, and relations of meaningful linguistic units 
occurring in language 
d. classifying and recording of individual speech sounds 
e. no idea 
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26. Etymology is: 
a. not really connected to the development of reading skills 
b. the study of the history and development of the structures and meaning of 
words 
c. the study of the causes of disabilities 
d. the study of human groups through first-hand observation 
e. no idea 
27. Reading a text and answering questions based on explicit information found 
within the text describes: 
a. inferential comprehension 
b. literal comprehension 
c. summarization 
d. question generating 
e. no idea 
28. Questions that combine background knowledge and text information to create a 
response describes which of the following: 
a. inferential comprehension 
b. literal comprehension 
c. morphemic analysis 
d. reciprocal teaching 
e. no idea 
29. Moving beyond the text, questioning, and understanding the relationship that 
exists between the author and the reader describes: 
a. inferential comprehension 
b. reciprocal teaching 
c. etymology 
d. critical reading 
e. no idea 
 
30. Which of the following is a phonemic awareness activity? 
a. having a student segment the sounds in the word cat orally 
b. having a student spell the word cat aloud 
c. having a student sound out the word cat 
d. having a student recite all the words that they can think of that rhyme with cat 
e. no idea 
31. Which of the following is not a reciprocal teaching activity? 
a. summarization 
b. question-generating 
c. using graphic organizers 
d. clarifying 
e. no idea 
32. Which of the following is a semantic mapping activity? 
a. concept of definition word web 
b. hinks pinks 
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c. writing a brief definition of different terms 
d. predicting 
e. no idea 
33. According to the National Reading Panel, instruction in summarizing will 
contribute to all of the following except: 
a. readers more accurately identify main ideas 
b. summarizing improves memory for what is read 
c. ability to recall and answer questions improves 
d. enhances student generation of inferential questions 
e. no idea 
34. What is the rule that governs the use of ‘c’ in the initial position for /k/? 
a. ‘c’ is used for /k/ in the initial position before e, i, or y 
b. the use of ‘c’ for /k/ in the initial position is random and must be memorized 
c. ‘c’ is used for /k/ in the initial position before a, o, u, or any consonant 
d. none of the above 
e. no idea 
35. What is the rule that governs the use of ‘k’ in the initial position for /k/? 
a. ‘k’ is used for /k/ in the initial position before e, i, or y 
b. the use of ‘k’ for /k/ in the initial position is random and must be memorized 
c. ‘k’ is used for /k/ in the initial position before a, o, u, or any consonant 
d. none of the above 
e. no idea 
36. Which answer best describes the reason for an older 
student’s misspelling of the following words? hav (for 
have) luv (for love) 
a. the student spelled the word phonetically 
b. the student has not been taught that English words do not end in v 
c. the student is using invented spelling 
d. the student must memorize the spellings of these irregular words 
e. no idea 
37. A morpheme refers to: 
a. a single letter 
b. a single speech sound 
c. a single unit of meaning 
d. a grapheme 
e. no idea 
38. What is the root in the word audience? 
a. aud 
b. ience 
c. no root in the word audience 
d. audible 
e. no idea 
39.  For each of the words on the left, please list the prefix, root, and suffix. (You 
may use a dash to represent “none.” If two fall under one category, please list 
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both.) 
prefix root suffix 
a. undetermined 
b. uniform 
c. under 
d. unknowingly 
e. conductor 
f. disruption 
g. immaterial 
40. Question answering and question generation have been found in scientific 
research to improve all of the following skills except: 
a. guide and monitor reading comprehension skills 
b. instruction of specific word meanings with vocabulary practice 
c. integrating and identifying main ideas through summarizing 
d. some improvement in general reading comprehension on standardized 
comprehension tests 
e. no idea 
41. Story structure could best be taught using which of the following: 
a. the use of questions and graphic organizers such as story maps 
b. the focus should be on the characters in the story and less about the setting and 
things that happen in the story 
c. repeated readings 
d. simultaneous oral reading 
e. relying specifically on a child’s background knowledge 
42. Comprehension monitoring would be considered similar to or the same as: 
a. metacognitive awareness 
b. examples and comparisons used to develop an understanding of an abstract 
idea 
c. relating two or more sets of ideas 
d. schema theory 
e. no idea 
43. Cooperative learning has been determined to be relevant in the area of 
instruction. This type of learning is described effectively in which of the 
following scenarios: 
a. Students create individual travel posters to share with the classroom and “sell” 
them on the idea of traveling to their respective states and/or countries. 
b. Each student generates vocabulary words as they look over their upcoming 
story for the following week and the teacher follows with a comprehensive 
list of their collection of words as a group. 
c. Students are assigned to planet groups and generate reports and demonstrations 
about their particular planet. 
d. I do not know how to effectively use cooperative learning. 
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Appendix B: Qualitative Data Analysis Code List by Data Type 
Concept Maps 
• Technical Term – Term related to the subject matter of early literacy 
• Not Technical Term – Term not related to the subject matter of early 
literacy 
• Technical Not Related – Literacy term but not related to early literacy 
• Maybe Technical Term – Uncertain due to context if it is a technical 
term 
• Instructional Term – Pedagogical term or process 
Interviews 
• Comfort – Teacher refers to a feeling of security, confidence, or 
comfort 
o Teaching – Early literacy 
o Learning – Learning about early literacy 
o IL – using the IL process 
• Technical Term – The use of early literacy technical terms 
• Resources  
o On-line – i.e. FCRR, Reading Rockets 
o Other – i.e. Heggerty 
• Student Programing – Teacher learning regarding programing for 
students 
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o Whole class – including the IL process (Lecture) 
o Student – Reference to individual student programming 
• Early literacy content knowledge – Teacher indicate learning regarding 
early literacy content knowledge 
• Learning - When teachers indicate that they have learned something. 
Not specifically related to early literacy 
• Teaching - When teachers indicate an impact on their teaching 
o Data – The use of data to drive instruction 
o Teaching at-risk students – teaching or identifying at-risk 
students 
o Teaching whole class- Tier I or whole class instruction 
• Self – When teacher indicates a change in themselves. Could be 
attitude, confidence etc. 
o Resources – Changes in selection/creation of resources 
o Thoughts on IL – In relationship to themselves  
o Improved knowledge or not – self-perception of early literacy 
knowledge 
• Student – When there is reference to students in relation to IL 
o Student engagement 
o Student Learning 
 
 
